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SUMMARY 
THIS THESIS CONCERNS THE DESIGN, DEVELOPMENT AND APPLICATION OF 
A COMPUTER IMPLEMENTED PLANNING MODEL FOR USE AS A TOOL I N THE NEV VEN­
TURE PLANNING PROCESS. DISCUSSION OF THIS MODEL I S PRECEDED BY A REVIEW 
OF l6 PLANNING MODELS CONTAINED I N THE LITERATURE. A CLASSIFICATION 
SCHEME I S PRESENTED WHICH ALLOWS FOR COMPARISON OF MODEL CHARACTERISTICS. 
THE MODEL DESCRIBED HERE I S INTENDED TO BE USEFUL I N REAL-WORLD 
PLANNING SITUATIONS AND FOR TEACHING AND RESEARCH PURPOSES. THE MANU­
FACTURING VENTURE PLANNING MODEL (MVPM) POSSESSES THE FOLLOWING 
ATTRIBUTES: 
1 ) E X P L I C I T TREATMENT OF PRODUCTIVE PROCESSES AND ASSOCIATED 
FLOWS OF NONFINANCIAL RESOURCES, AS WELL AS PROVISION OF 
FINANCIAL INFORMATION. 
2) A GENERAL DESIGN SO AS TO BE APPLICABLE I N A WIDE VARIETY OF 
BUSINESS VENTURE PLANNING SITUATIONS. 
3 ) AN ORIENTATION TOWARD THE MANUFACTURING ENTERPRISE. 
h) A DETERMINISTIC, CASE STUDY, SIMULATION MODELING APPROACH. 
5 ) A FORMULATION WHICH ALLOWS FOR EXTENSIVE ON-LINE INTERACTION 
BETWEEN THE MODEL AND A TYPICAL BUSINESS PLANNER WITH L I T T L E 
OR NO COMPUTING EXPERIENCE. 
MVPM ACCEPTS AS INPUT, DATA CONCERNING THE MARKETING, TECHNICAL/ 
MANUFACTURING, AND ADMINISTRATIVE/FINANCIAL ASPECTS OF BUSINESS VENTURE 
PLANNING. REPORTS ARE CREATED WHICH GIVE INFORMATION ON PRO FORMA 
OPERATIONS OVER A FIVE YEAR PLANNING PERIOD. THE USER MAY REQUEST 
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1 . 1 P r o b l e m E n v i r o n m e n t 
T h e s u b j e c t o f t h i s w o r k i s t h e d e v e l o p m e n t o f a c o m p u t e r -
i m p l e m e n t e d p l a n n i n g m o d e l f o r n e w b u s i n e s s v e n t u r e s . T h e m o d e l 
i s g e n e r a l i n n a t u r e , b u t d e c i d e d l y o r i e n t e d t o w a r d s t h e m a n u f a c t ­
u r i n g e n t e r p r i s e . 
T h e c a s t i n g o f t h e m o d e l a s a " n e w v e n t u r e p l a n n i n g m o d e l " , 
i s s i g n i f i c a n t . E x p e r i e n c e h a s s h o w n t h a t , f o r a g o i n g c o n c e r n , 
a n e f f e c t i v e m o d e l m u s t b e s i t u a t i o n s p e c i f i c a n d t h e o u t g r o w t h o f 
c o o p e r a t i v e e f f o r t o n t h e p a r t o f i n s i d e r s [ 2 7 , 3 0 , 3 7 ] . H a y e s a n d 
N o l a n w r o t e t h a t " P l a n n i n g m o d e l s c a n n o t b e b u i l t b y s p e c i a l i s t s 
w h o a r e n o t f a m i l i a r w i t h t h e c o m p a n y a n d i t s p l a n n i n g p r o c e s s . 
K n o w l e d g e o f w h y a n d h o w p l a n n i n g i s a c c o m p l i s h e d i s n e c e s s a r y 
[ 3 0 ] . " T h u s t h e d i f f i c u l t y w i t h a t t e m p t s t o a p p l y a g e n e r a l m o d e l 
t o a n e x i s t i n g f i r m s t e m s f r o m o r g a n i z a t i o n a l a n d o p e r a t i n g i d i o -
s y n c r a c i e s w h i c h h a v e e v o l v e d o v e r t h e c o u r s e o f i t s e x i s t e n c e . 
T h i s o b j e c t i o n t o a g e n e r a l i z e d a p p r o a c h d i s a p p e a r s w h e n 
t h e c i r c u m s t a n c e s s u r r o u n d i n g t h e a n a l y s i s o f a n e w v e n t u r e 
p r o p o s a l a r e c o n s i d e r e d . H e r e t h e p l a n n i n g a n d b u d g e t i n g p r o c e s s 
h a s n o t b e e n e s t a b l i s h e d . E v e n t h o s e m o s t i n t i m a t e l y i n v o l v e d w i t h 
t h e v e n t u r e m u s t w o r k w i t h " e d u c a t e d " g u e s s e s a b o u t t h e n a t u r e of 
d a y - t o - d a y o p e r a t i o n s a n d f l o w s o f i n f o r m a t i o n . C a r e f u l p l a n n i n g 
m a y r e v e a l a p r i o r i t h e n e e d f o r c e r t a i n o p e r a t i n g p r a c t i c e s , b u t 
t h e i n h e r e n t u n c e r t a i n t y o f f u t u r e e v e n t s d i c t a t e s t h a t s o m e 
c h a n g e s c a n a n d w i l l o c c u r . T h e n e t r e s u l t i s t h a t w i t h a l l o f t h e 
" n o i s e " p r e s e n t i n t h e d a t a a v a i l a b l e f o r u s e i n t h e v e n t u r e p l a n ­
n i n g p r o b l e m , t h e a d d i t i o n a l i m p r e c i s i o n i n t r o d u c e d b y t h e l a c k o f 
c o m p a n y - s p e c i f i c d e s i g n i s m u c h l e s s o f a d e t e r r e n t . T h e i m p e t u s 
f o r c r e a t i o n o f a g e n e r a l m o d e l o f t h i s t y p e i s t h e b e l i e f t h a t 
t h e b e n e f i t s g a i n e d f r o m u s e o f t h e p o w e r o f t h e c o m p u t e r o u t w e i g h 
t h e c o s t s a s s o c i a t e d w i t h t h e d i f f i c u l t i e s d e s c r i b e d a b o v e . T h e 
m a n n e r i n w h i c h t h e u s e o f c o m p u t e r m o d e l s p o s i t i v e l y a f f e c t s t h e 
p l a n n i n g p r o c e s s i s d i s c u s s e d i n C h a p t e r I I I . 
A m a n u f a c t u r i n g o r i e n t a t i o n w a s c h o s e n f o r t w o r e a s o n s . 
F i r s t , m a n u f a c t u r i n g v e n t u r e s t y p i c a l l y r e q u i r e h i g h e r l e v e l s o f 
i n i t i a l c a p i t a l i z a t i o n c o m p a r e d w i t h v e n t u r e s i n s e r v i c e i n d u s t r y 
a r e a s . T h u s t h e u s e o f e n l i g h t e n e d f e a s i b i l i t y a n a l y s i s i s 
m a n d a t e d b y t h e m a g n i t u d e o f i n v e s t m e n t r e q u i r e d . S e c o n d , t h e 
c h a r a c t e r i z a t i o n o f f u n c t i o n a l a r e a s i n a m a n n e r a p p r o p r i a t e f o r 
a m a n u f a c t u r i n g e n t e r p r i s e l e n d s i t s e l f t o c h a r a c t e r i z a t i o n o f 
n o n m a n u f a c t u r i n g o r g a n i z a t i o n s . I t i s n o t d i f f i c u l t t o c o n c e p t u ­
a l i z e t h e p r o d u c t a c t i v i t i e s o f a s e r v i c e i n d u s t r y a s p r o d u c t i v e 
" p r o c e s s e s . " 
F i n a l l y , i t s h o u l d b e r e i t e r a t e d t h a t t h e f o c u s o f t h e m o d e l 
i s t h e n e w v e n t u r e p l a n n i n g a n d f e a s i b i l i t y a n a l y s i s p r o c e s s . T h u s 
e m p h a s i s i s p l a c e d , n o t o n s o p h i s t i c a t i o n o f m e t h o d o l o g y , b u t o n 
a p r a g m a t i c a p p r o a c h t o p r o v i d i n g i n f o r m a t i o n n e e d e d b y t h e e n t r e ­
p r e n e u r o r o t h e r a n a l y s t o f a n e w v e n t u r e p r o p o s a l . 
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1.2 Statement of Objective 
The objective of this work was to develop a computer-
implemented model for use: 
1) In new venture planning and feasibility analysis. 
2) As a tool for educational activity and a stimulus for 
further research 
A review of the literature was carried out to determine 
the most desirable attributes of such a model. This review, 
which is contained in Chapter II, led to the specification of 
specific desirable attributes which are set forth in Chapters 
II and III, and summarized below: 
1) Explicit treatment of productive processes and associated 
flows of nonfinancial resources, as well as provision of 
resultant financial information. 
2) A general design so as to be applicable in a wide variety 
of business venture planning situations. 
3) An orientation toward the manufacturing enterprise. 
4) A formulation which allows for extensive on-line inter­
action between the model and a typical business planner 
with l itt le or no computing experience. 
The balance of the thesis concerns the evolution of the mo­
del and demonstration of its use. 
C H A P T E R I I 
A R E V I E W O F P L A N N I N G M O D E L S 
2 . 1 S u r v e y o f M o d e l i n g A c t i v i t y 
T h e l i t e r a t u r e o f m a n a g e m e n t s c i e n c e a n d o p e r a t i o n s r e s e a r c h 
c o n t a i n s n u m e r o u s d e s c r i p t i o n s o f m o d e l i n g e f f o r t s . M o s t o f t h e s e 
m o d e l s a r e o f t h e o p t i m i z a t i o n t y p e , a f a c t n o t e d b y G r i n y e r a n d 
B a t t [ 2 6 ] i n t h e i r s u r v e y o f m o d e l i n g l i t e r a t u r e . 
O n e is. m o r e a p t t o f i n d e x p o s i t i o n s o f c a s e s t u d y s i m u l a t i o n 
m o d e l s i n p u b l i c a t i o n s o r i e n t e d t o w a r d b u s i n e s s m a n a g e r s . T h e 
m o s t c o m p r e h e n s i v e c o l l e c t i o n o f p a p e r s r e g a r d i n g t h e s e m o d e l s i s 
" C o r p o r a t e S i m u l a t i o n M o d e l s " e d i t e d b y A . N . S c h r i e b e r [ 5 3 ] . T h e 
b u l k o f t h e m o d e l i n g d e s c r i b e d t h e r e a n d i n b u s i n e s s j o u r n a l s i s 
c o n c e r n e d w i t h a s p e c t s o f f i n a n c i a l p l a n n i n g i n s p e c i f i c l a r g e 
c o r p o r a t i o n s . T h e d e p t h a n d n a t u r e o f m o d e l d e s c r i p t i o n v a r i e s 
g r e a t l y . T h i s i s n o t s u r p r i s i n g i n v i e w o f t h e p r o p r i e t a r y 
n a t u r e o f m a n y o f t h e m o d e l s p r e s e n t e d . 
W o r k b y a u t h o r s w h o h a v e l o o k e d ( r e s p e c t i v e l y ) a t m o d e l i n g 
l i t e r a t u r e a n d p r a c t i c e s h o w s s o m e i n t e r e s t i n g d i f f e r e n c e s b e t w e e n 
a c a d e m i c r e s e a r c h a n d a c t i v i t i e s o f m o d e l i n g p r a c t i t i o n e r s . T h e 
s u r v e y b y G r i n y e r a n d B a t t [ 2 6 ] o f 3 4 p a p e r s i n w h i c h m o d e l s w e r e 
d e s c r i b e d s h o w s t h a t 5 0 p e r c e n t o f t h e s e m o d e l s w e r e d e t e r m i n i s t i c 
s i m u l a t i o n m o d e l s , 2 6 p e r c e n t w e r e c a s e s t u d y t y p e s i m u l a t i o n , 
m o d e l s a l l o w i n g f o r s t o c h a s t i c i n p u t s , 1 5 p e r c e n t m a t h e m a t i c a l 
p r o g r a m m i n g m o d e l s , a n d 7 p e r c e n t d e t e r m i n i s t i c e c o n o m e t r i c m o d e l s . 
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I n a s u r v e y o f 3 2 3 c o m p a n i e s ( m e m b e r s o f t h e P l a n n i n g E x e c u t i v e s 
I n s t i t u t e ) G e r s h e f s k i [ 2 2 ] f o u n d t h a t 9 5 p e r c e n t o f m o d e l s i n u s e 
w e r e o f t h e c a s e s t u d y s i m u l a t i o n t y p e , a n d 5 p e r c e n t w e r e m a t h e ­
m a t i c a l p r o g r a m m i n g m o d e l s . T h i s p r e d o m i n a n c e i n p r a c t i c e o f 
" a l t e r n a t i v e t e s t i n g " s i m u l a t i o n m o d e l s a h s b e e n c o r r o b o r a t e d i n 
a s u b s e q u e n t s t u d y o f p l a n n i n g p r a c t i c e b y D i c k s o n , M a u r i e l a n d 
A n d e r s o n ( D M A ) [ 1 4 ] . T h e y d i d , h o w e v e r , f i n d a t r e n d t o w a r d 
s i m u l a t i o n m o d e l s w h i c h i n c o r p o r a t e o p t i m i z a t i o n i n s o m e m o d e l 
s e g m e n t s . 
G e r s h e f s k i f o u n d t h a t 6 5 p e r c e n t o f t h e c o m p a n i e s b u i l d i n g 
m o d e l s u s e d a t o p - d o w n " t o t a l c o r p o r a t i o n " a p p r o a c h . T h e r e m a i n i n g 
m o d e l s w e r e " b o t t o m - u p " i n t h e s e n s e t h a t t h e y c o n s i d e r e d i n d e t a i l 
s p e c i f i c f u n c t i o n a l a r e a s o f t h e c o m p a n y . T h e s a m e p r e d o m i n a n c e 
o f t o p - d o w n m o d e l i n g w a s a l s o f o u n d b y D M A . G r i n y e r a n d B a t t i n 
t h e i r e x a m i n a t i o n o f p l a n n i n g l i t e r a t u r e f o u n d b o t t o m - u p m o d e l i n g 
t o b e m o r e p r e v a l e n t . A u t o n o m y o f l o w e r l e v e l m a n a g e m e n t , a n d 
m o d u l a r m o d e l i n g o f i n c r e a s i n g l y c o m p l e x f i r m s a r e r e a s o n s g i v e n 
b y D M A f o r a p r e d i c t i o n t h a t m o r e b o t t o m - u p m o d e l i n g w i l l b e d o n e 
i n t h e f u t u r e . 
T h e m a j o r i t y o f t h e m o d e l s e x a m i n e d b y G e r s h e f s k i , a n d a l l 
o f t h o s e d i s c u s s e d b y D M A w e r e f i n a n c i a l s t a t e m e n t o f g e n e r a t o r s . 
T h e l a t t e r s t u d y n o t e d a t r e n d a m o n g s u c h m o d e l s t o w a r d b u i l t - i n 
f i n a n c i a l a n a l y s i s . T h i s u s u a l l y i n v o l v e d c o m p u t a t i o n o f i m p o r t a n t 
f i n a n c i a l r a t i o s . 
S i n c e m a n a g e r s t y p i c a l l y t h i n k i n t e r m s o f d i f f e r e n c e s o r 
c h a n g e s i n s i t u a t i o n ( M a t h e s [42]), i t w o u l d b e u s e f u l f o r s u c h 
i n f o r m a t i o n t o b e i n c l u d e d i n m o d e l r e p o r t s . H o w e v e r , D M A f o u n d 
t h a t t h e e f f e c t i v e u s e o f e x c e p t i o n r e p o r t i n g w a s r a r e . A d d i t i o n ­
a l l y , n o n e o f t h e m o d e l s t h e y a n a l y z e d h a d t h e c a p a b i l i t y o f m a k i n g 
o n l i n e c o m p a r i s o n s b e t w e e n m o d e l t r i a l s . 
T h e r e e x i s t s a p a u c i t y o f m o d e l d e s c r i p t i o n s i n t h e l i t e r a ­
t u r e w h i c h d e a l s p e c i f i c a l l y w i t h s m a l l b u s i n e s s o r n e w b u s i n e s s 
v e n t u r e s . W h i l e t h e r e i s a n a b u n d a n c e o f i n f o r m a t i o n r e g a r d i n g 
m a n u f a c t u r i n g m o d e l s , m o s t o f t h i s c o n c e r n s s p e c i f i c m a n u f a c t u r i n g 
o p e r a t i o n s , e . g . , j o b s h o p s c h e d u l i n g o r r e a l - t i m e p r o c e s s c o n t r o l . 
T h e p a p e r s d i s c u s s i n g m o d e l i n g o f t h e w h o l e f i r m w i t h t r e a t m e n t o f 
i t s c o n s t i t u e n t p r o d u c t i v e a c t i v i t i e s a r e f e w . D M A h a v e p r e d i c t e d 
t h a t a d d i t i o n a l e m p h a s i s w i l l b e p l a c e d o n m o d e l i n g o f n o n f i n a n c i a l 
r e s o u r c e s . T h e y s t a t e t h a t " . . . e s t i m a t i o n o f p e r s o n n e l r e q u i r e ­
m e n t s ( b y s k i l l ) , f a c i l i t y n e e d s ( b y t y p e ) a n d t e c h n o l o g i c a l n e e d s 
( b y t y p e ) c a n r e a s o n a b l y b e e x p e c t e d t o b e i n c l u d e d m o r e o f t e n i n 
c o r p o r a t e m o d e l s i n t h e n e a r f u t u r e . " 
T h e f o l l o w i n g i s a s a m p l e o f e x t a n t c o r p o r a t e m o d e l i n g a s 
d e s c r i b e d i n t h e l i t e r a t u r e . T o f a c i l i t a t e a n o r g a n i z e d p r e s e n ­
t a t i o n o f t h i s m a t e r i a l , t h e m o d e l s a r e c l a s s i f i e d i n t o f i v e b r o a d 
c a t e g o r i e s : o p t i m i z i n g , c a s e s t u d y / s i m u l a t i o n , s i m u l a t i o n 
l a n g u a g e s ( a l l t h r e e p r e v i o u s c l a s s i f i c a t i o n s p e r t a i n t o 
f i n a n c i a l l y o r i e n t e d m o d e l i n g ) , s m a l l b u s i n e s s m o d e l s , a n d m o d e l s 
o f t h e f i r m w h i c h c o n t a i n e x p l i c i t c o n s i d e r a t i o n o f m a n u f a c t u r i n g 
a n d n o n f i n a n c i a l r e s o u r c e s . T h i s c a t e g o r i z a t i o n i s a d m i t t e d l y 
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a r t i f i c a l : u s u a l l y a g i v e n m o d e l c o u l d b e s u b s u m e d i n m o r e t h a n 
o n e c a t e g o r y . C o n s e q u e n t l y , t h e l a s t s e c t i o n o f t h i s c h a p t e r 
i l l u s t r a t e s t h e c h a r a c t e r i z a t i o n s a p p l i c a b l e t o e a c h m o d e l c i t e d . 
T h e c o n t e n t o f t h e m o d e l d e s c r i p t i o n s v a r i e s f r o m c a t e g o r y 
t o c a t e g o r y t o a l l o w e m p h a s i s o n i m p o r t a n t c h a r a c t e r i s t i c s o f e a c h 
m o d e l c l a s s . D i s c u s s i o n o f m a t h e m a t i c a l p r o g r a m m i n g m o d e l s w i l l 
g e n e r a l l y c e n t e r a r o u n d a s p e c t s o f t h e m e t h o d o l o g i e s e m p l o y e d . 
S i n c e t h e a p p r o a c h t o f i n d i n g a " g o o d " s o l u t i o n v i a u s e o f a 
s i m u l a t i o n m o d e l i s u n i v e r s a l , d i s c u s s i o n o f t h i s c l a s s o f m o d e l 
w i l l b e c o n c e r n e d w i t h i n p u t a n d o u t p u t f o r m a t , a s w e l l as 
s a l i e n t f e a t u r e s o f m o d e l c o n s t r u c t i o n . 
T h o s e m o d e l s c h o s e n f o r e x a m i n a t i o n i n e a c h c a t e g o r y a r e 
g i v e n b e l o w , w i t h e i t h e r t h e a u t h o r o r m o d e l n a m e b e i n g u s e d as 
a p p l i c a b l e . 
1 ) F i n a n c i a l P l a n n i n g M o d e l s : O p t i m i z i n g 
C a r l t o n , D i c k a n d D o w n e s ( C D D ) [ 5 ] 
D i c k e n s [ 1 5 ] 
H a m i l t o n a n d M o s e s [ 2 8 ] 
2 ) F i n a n c i a l P l a n n i n g M o d e l s : S i m u l a t i o n 
B u r r i l l [ 4 ] 
G e r s h e f s k i [ 2 3 ] 
S t o n e , D o w n e s , a n d M a g e e ( S D M ) [ 6 1 ] 
3 ) P l a n n i n g L a n g u a g e s 
P R O P H I T I I [ 4 9 ] 
P S G I I [ 4 8 ] 
F A P S [ 1 8 ] 
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4 ) S m a l l B u s i n e s s M o d e l s 
P P C S [ 3 2 ] 
S M A L B I S [ 8 ] 
D e s J a r d i n s a n d L e e [ 1 3 ] 
5 ) M a n u f a c t u r i n g C o m p a n y M o d e l s 
B a k e r a n d D a m o n [ 1 ] 
C h a m b e r s , M u l l i c k a n d S m i t h ( C M S ) [ 6 ] 
H a r r i s o n a n d B a k e r [ 2 9 ] 
S m i t h [ 5 7 ] 
M o s t o f t h e m o d e l s c i t e d i n t h i s c h a p t e r d e a l w i t h s p e c i f i c 
l a r g e c o r p o r a t i o n s . T h i s m a t e r i a l i s p r o v i d e d t o g i v e i n f o r m a t i o n 
a b o u t c u r r e n t m o d e l i n g a c t i v i t y . I t d o e s n o t p u r p o r t t o b e a 
c o m p r e h e n s i v e s u r v e y o f a l l c o r p o r a t e m o d e l i n g . F o r a m o r e 
c o m p l e t e e x a m i n a t i o n t h e r e a d e r i s r e f e r r e d t o t h e s u r v e y s c i t e d 
a b o v e . T h e i n t e n t h e r e i s t o p r o v i d e a f r a m e o f r e f e r e n c e 
a p p r o p r i a t e f o r e v a l u a t i o n o f t h e m o d e l w h i c h i s t h e s u b j e c t 
o f t h i s t h e s i s . I n a c c o r d a n c e w i t h t h i s o b j e c t i v e , a m o r e r i g o r ­
o u s t r e a t m e n t o f m o d e l s d e a l i n g w i t h s m a l l , n e w , a n d m a n u f a c t u r i n g 
e n t e r p r i s e s i s m a d e . 
2 . 2 F i n a n c i a l P l a n n i n g M o d e l s : O p t i m i z i n g 
T h e m o d e l o f C a r l t o n , D i c k a n d D o w n e s ( C D D ) [ 5 ] h a s a s i t s 
o v e r a l l m e t h o d o l o g y , t h e u s e o f o p t i m i z a t i o n i n a c a s e s t u d y f a s h i o n . 
T h e i r m o d e l i s i n t e r a c t i v e a n d u s e r o r i e n t e d t o p r o v i d e f o r f a s t 
t u r n a r o u n d a n d e a s e o f u s e . T h i s s p e e d o f o p e r a t i o n i s e s s e n t i a l , 
s i n c e t h e m o d e l i s d e s i g n e d t o p r o v i d e a n o p t i m a l s o l u t i o n f o r a 
g i v e n s e t o f i n p u t d a t a , a n d t h e n t o p r o v i d e a d d i t i o n a l o p t i m a l 
s o l u t i o n s f o r s u b s e q u e n t r e v i s i o n s o f i n p u t v a l u e s . T h e y t h u s 
s e e k t o c o m b i n e t h e r e s o l u t i o n o f c o m p l e x i t y p o s s i b l e t h r o u g h t h e 
u s e o f m a t h e m a t i c a l p r o g r a m m i n g w i t h t h e e v a l u a t i o n o f a l t e r n a ­
t i v e p a r a m e t e r a s s u m p t i o n s p e r f o r m a b l e w i t h s i m u l a t i o n m o d e l s . 
T h i s p r o c e s s o f u s e r e v a l u a t i o n o f m o d e l o u t p u t a n d r e v i s i o n o f 
m o d e l i n p u t s i s i l l u s t r a t e d i n F i g u r e 2 . 1 . 
T h e m o d e l i s s p e c i f i c a l l y i n t e n d e d a s a n a i d t o t o p m a n a g e ­
m e n t i n f i n a n c i a l p l a n n i n g . T h e a u t h o r s f e l t t h a t e x c e s s i v e 
a m o u n t s o f a c c o u n t i n g d e t a i l w o u l d d e t r a c t f r o m m a n a g e m e n t c o n c e n ­
t r a t i o n o n i n f o r m a t i o n n e e d e d f o r t h e f i n a n c i a l d e c i s i o n s p l a n n e d 
a t t h i s l e v e l : c a p i t a l i n v e s t m e n t , w o r k i n g c a p i t a l , c a p i t a l 
s t r u c t u r e , a n d d i v i d e n d s . T h e y t h e r e f o r e h a v e c o n s t r u c t e d a m o d e l 
w h i c h u s e s a s i n p u t s m a n y o f t h e q u a n t i t i e s w h i c h a r e t h e o u t p u t s 
o f m o s t f i n a n c i a l s t a t e m e n t g e n e r a t o r s : o p e r a t i n g e a r n i n g s a n d 
c a p i t a l e x p e n d i t u r e s t h r o u g h t i m e . C D D s t a t e t h a t " O u r m o d e l a n d 
a c o m p a n y 1 s b u d g e t c o m p i l e r c a n b e t h o u g h o f i n a h i e r a r c h i a l 
s t r u c t u r e : t o p d o w n p o l i c y m o d e l b u i l t u p o n t h e o u t p u t o f a 
b o t t o m - u p f o r e c a s t i n g m o d e l . " 
O u t p u t s f r o m t h e m o d e l a r e m a j o r f i n a n c i a l d e c i s i o n s o v e r 
t h e p l a n n i n g p e r i o d : d i v i d e n d s , w o r k i n g c a p i t a l , a n d f i n a n c i n g . 
L i n e a r p r o g r a m m i n g i s u s e d t o s i m u l t a n e o u s l y d e t e r m i n e t h e v a l u e s 
o f a l l d e c i s i o n v a r i a b l e s i n a l l p e r i o d s . 
T h e i n p u t s u s e d i n t h e m o d e l a r e c o m p o s e d o f f o r e c a s t s o f 
t h e e c o n o m i c e n v i r o n m e n t , l e g a l r e s t r i c t i o n s a n d a c c o u n t i n g 
r e l a t i o n s , a n d m a n a g e m e n t p o l i c y r e q u i r e m e n t s . T h e s e i n p u t 
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c a t e g o r i e s a n d e x a m p l e s o f t h e i r c o n t e n t a r e s h o w n i n F i g u r e 2.1. 
F o r a g i v e n s e t o f a s s u m p t i o n s r e g a r d i n g t h e e c o n o m i c e n v i r o n m e n t , 
l e g a l r e s t r i c t i o n s , a n d c o m p a n y p o l i c y , a " b e s t " p l a n i s p r o d u c e d . 
T h e c o r p o r a t e o b j e c t i v e u s u a l l y u s e d i n t h e C D D m o d e l i s 
t h a t t h e " b e s t " p l a n i s t h e o n e w h i c h " . . . w h i l e s t a y i n g w i t h i n 
t h e l i m i t s p e r m i t t e d b y t h e t h r e e k i n d s o f i n p u t s a n d g i v e n t h e 
c o s t o f e q u i t y c a p i t a l , m a k e s t h e p r e s e n t v a l u e o f o w n e r e q u i t y a s 
l a r g e a s p o s s i b l e . " T h i s o b j e c t i v e m a y b e e x p r e s s e d a s : 
n 
M a x i m i z e : PV(0) = £ D ( t ) p y ( n ) 
N(0) t = l t « (2-1) 
K J Z N ( t ) S ( 1 + k ) N ( n ) ff (1+k ) 
T = l T T = l T 
w h e r e 
n = n u m b e r o f y e a r s i n t h e p l a n n i n g p e r i o d 
PV(0) = p r e s e n t v a l u e o f o w n e r e q u i t y 
P V ( n ) = h o r i z o n y e a r v a l u e ( d e r i v e d i n t e r m s o f f o r e ­
c a s t e d p o s t h o r i z o n , o r l o n g - t e r m o p p o r t u n i t i e s ) 
N ( t ) = n u m b e r o f s h a r e s o u t s t a n d i n g i n y e a r t 
k = p e r i o d T f o r w a r d c o s t o f e q u i t y c a p i t a l ( i n p u t 
d i r e c t l y o r d e r i v e d f r o m a s e r i e s o f q u e s t i o n s 
a b o u t i n d u s t r y P / E r a t i o s , e t c . ) 
D ( t ) = t o t a l d i v i d e n d p a y m e n t i n y e a r t 
A s c a n b e s e e n f r o m e q u a t i o n (2-1) a b o v e , t h i s l i t e r a l 
m o d e l i n g o f t h e e x p r e s s e d c o r p o r a t e o b j e c t i v e r e s u l t s i n a n o n ­
l i n e a r o b j e c t i v e f u n c t i o n . T h i s i s b e c a u s e t h e r e a r e N ( t ) t e r m s 
i n t h e d e n o m i n a t o r , a n d t h e s e a r e p a r t o f t h e e q u i t y f i n a n c i n g p l a n 
w h i c h i s a m o d e l o u t p u t . 
T h i s o r i g i n a l o b j e c t i v e f u n c t i o n i s l i n e a r i z e d b y s u i t a b l e 
m a n i p u l a t i o n s ( a s d e s c r i b e d b y K o m a r , [34]) a n d i s i n c o r p o r a t e d i n 
t h e m o d e l a s 
n 
= I a ( t ) D ( t ) + a ( n ) P V ( n ) 
n 
+ I b ( t ) Y ( t ) ( 2 - 2 ) 
t = l 
w h e r e a ( t ) a n d b ( t ) a r e f i x e d c o e f f i c i e n t s , a n d Y ( t ) = n e w e q u i t y 
i n y e a r t . 
A s i m i l a r m o d e l i n g a p p r o a c h w a s t a k e n a t B o i s e C a s c a d e , a s 
d e s c r i b e d b y D i c k e n s [ 1 5 ] , T h e p r i m a r y p u r p o s e f o r t h e c o n s t r u c t i o n 
o f t h e i r m o d e l w a s : 
- T o f o r e c a s t t h e o p t i m a l a l l o c a t i o n o f r e s o u r c e s w i t h i n t h e 
n o r t h w e s t o p e r a t i o n s o f t h e C o m p a n y g i v e n e x i s t i n g a n d 
a n t i c i p a t e d r a w m a t e r i a l r e s o u r c e s , e x i s t i n g m a n u f a c t u r i n g 
f a c i l i t i e s , a n d m a r k e t c o n d i t i o n s a s f o r e c a s t e d f o r t h e 
n e x t f i f t e e n y e a r s . 
- T o e v a l u a t e a l t e r n a t i v e i n v e s t m e n t s i n r a w m a t e r i a l s , p l a n t s 
a n d e q u i p m e n t u n d e r v a r i o u s e c o n o m i c a s s u m p t i o n s a n d c o n d i ­
t i o n s o v e r t h e f i f t e e n y e a r p l a n n i n g p e r i o d . 
A s w i t h t h e C D D m o d e l , t h e i n t e n d e d m o d e o f u s a g e f o r t h e 
B o i s e C a s c a d e m o d e l w a s t h e d e t e r m i n a t i o n o f a " b e s t " p l a n , g i v e n 
a p a r t i c u l a r i n p u t d a t a , c o n f i g u r a t i o n . T h e o b j e c t i v e o f t h e m o d e l 
w a s t o m a x i m i z e p r o f i t s f r o m t h e C o m p a n y ' s N o r t h w e s t o p e r a t i o n s . 
I n p u t s t o t h e m o d e l i n c l u d e m a n a g e m e n t f o r e c a s t s o f r a w m a t e r i a l 
a v a i l a b i l i t y , c o n v e r s i o n ( m a n u f a c t u r i n g ) c o s t s , p r o d u c t p r i c e s a n d 
" . . . t e c h n o l o g i c a l i n n o v a t i o n r e l a t i v e b o t h t o c o m p e t i t i v e 
s u b s t i t u t e s f o r ( t h e C o m p a n y ' s ) p r o d u c t s a n d t o p r o c e s s i m p r o v e ­
m e n t s w h i c h m i g h t r e d u c e m a n u f a c t u r i n g c o s t s a n d m a k e c u r r e n t l y 
u n p r o f i t a b l e r a w m a t e r i a l s p r o f i t a b l e t o u s e . " 
B o i s e C a s c a d e ' s P a c i f i c N o r t h w e s t R e g i o n i s d i v i d e d i n t o 
n i n e " m a n a g e m e n t u n i t s . " T h e o v e r a l l s t r u c t u r e o f t h e i r m o d e l 
i s t h u s c o m p o s e d o f a n a g g r e g a t i o n o f n i n e i n d i v i d u a l s u b r e g i o n 
m o d e l s . T h i s s t r u c t u r e i s i l l u s t r a t e d i n F i g u r e 2 . 2 . O n e c l e a r 
a d v a n t a g e o f m o d e l i n g e a c h s u b r e g i o n i n d i v i d u a l l y i s t h e s p e c i a l 
s t r u c t u r e t h i s i m p a r t s - f a c i l i t a t i n g t h e a p p l i c a t i o n o f 
d e c o m p o s i t i o n t e c h n i q u e s . A s s h o w n , o n l y f i v e p e r i o d s a r e u s e d , 
w i t h e a c h p e r i o d b e i n g t h r e e y e a r s i n l e n g t h . T h e l i n e a r 
p r o g r a m m i n g m o d e l h a s 5 , 8 0 0 s t r u c t u r a l e q u a t i o n s , 4 , 0 0 0 a c c o u n t i n g 
e q u a t i o n s , a n d 2 5 , 0 0 0 v a r i a b l e s . 
T h e s p e c i f i c a t i o n o f m a r k e t f o r e c a s t i n p u t f o r t h e m o d e l 
r e q u i r e d t h a t a f o r e c a s t o f t h e U . S . e c o n o m i c e n v i r o n m e n t b e m a d e 
f o r t h e d u r a t i o n o f t h e p l a n n i n g p e r i o d . T h e W h a r t o n E c o n o m e t r i c 
m o d e l w a s u s e d t o p r o v i d e t h i s l o n g - r a n g e f o r e c a s t o f t h e N a t i o n a l 
e c o n o m y . T h e s p e c i f i c a t i o n o f e x o g e n o u s v a r i a b l e s r e s t e d o n 
" . . . p r e s e n t l y s t a t e d e c o n o m i c a n d s o c i a l g o a l s o f t h e G o v e r n m e n t " 
a n d t h e f i s c a l a n d m o n e t a r y a c t i o n s t h a t t h e s e g o a l s i m p l i e d . 
A s m e n t i o n e d a b o v e , t h e m o d e l i s u s e d i n a n i t e r a t i v e 
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f a s h i o n w i t h a s s u m p t i o n s , f o r e c a s t s a n d c o n s t r a i n t s b e i n g c h a n g e d 
o n e a c h r u n a s d e s i r e d . T h e r e s u l t s o f e a c h r u n a r e c o m p a r e d t o 
a " B a s e S o l u t i o n " t o a s s e s s t h e i m p a c t o f t h e c h a n g e s . A n s w e r s 
a r e s o u g h t t o q u e s t i o n s s u c h a s : 
W h a t i s t h e e x p e c t e d r e t u r n o n i n v e s t m e n t i n a s p e c i f i c n e w 
f a c i l i t y ( g i v e n o p t i m u m a l l o c a t i o n o f r e s o u r c e s ) ? 
G i v e n a f i x e d s u p p l y o f c a p i t a l b y t i m e p e r i o d s , a n d a n u m b e r 
o f i n v e s t m e n t a l t e r n a t i v e s , w h i c h i n v e s t m e n t o r m i x o f 
i n v e s t m e n t s a d d s m o s t t o t h e p r o f i t s o f t h e C o m p a n y ? 
W h a t i m p a c t d o s p e c i f i e d i n c o m e r e q u i r e m e n t s h a v e u p o n 
e x i s t i n g a n d p r o p o s e d i n v e s t m e n t s ? 
W h a t i s t h e o p t i m a l r a t e f o r c u t t i n g t i m b e r o v e r t h e f i f t e e n 
y e a r p e r i o d ? 
D u e t o i t s f o r m u l a t i o n a s a n i n v e s t m e n t p l a n n i n g t o o l , t h e 
m o d e l d o e s n o t l e n d i t s e l f t o s h o r t - t e r m o p e r a t i o n s p l a n n i n g 
( s c h e d u l i n g ) . H o w e v e r , a s a r e s u l t o f e x p e r i e n c e g a i n e d w i t h t h i s 
m o d e l , B o i s e C a s c a d e i s d e v e l o p i n g m o r e d e t a i l e d m o d e l s w i t h m o r e 
l i m i t e d ( r e g i o n a l o r d i v i s i o n a l ) s c o p e . 
M a n y o f t h e d e c i s i o n s f a c e d b y m a n a g e m e n t b o t h i n b u s i n e s s 
o p e r a t i o n s a n d p l a n n i n g , a r e o f t h e " g o / n o - g o " t y p e . S u c h d e c i s i o n s 
m u s t b e r e p r e s e n t e d b y a d e c i s i o n v a r i a b l e w h i c h m a y a s s u m e v a l u e s 
o f z e r o o r o n e . I n o r d e r f o r l i n e a r p r o g r a m m i n g t o b e a p p l i e d t o 
t h i s k i n d o f p r o b l e m s i m p l i f y i n g a s s u m p t i o n s m u s t b e m a d e t o a l l o w 
r e p r e s e n t a t i o n o f n a t u r a l l y i n t e g e r q u a n t i t i e s b y c o n t i n u o u s 
v a r i a b l e s . W h e n o n e c o n s i d e r s t h e f a c t t h a t a l l b u s i n e s s p l a n n i n g 
m u s t , a t l e a s t i n p a r t , b e c o m p o s e d o f d e c i s i o n s o n w h e t h e r o r n o t 
t o t a k e a g i v e n a c t i o n , t h e l i m i t a t i o n s i m p o s e d o n m o d e l v a l i d i t y 
b y t h e r e q u i r e m e n t s o f l i n e a r p r o g r a m m i n g b e c o m e a p p a r e n t . T h i s 
d i f f i c u l t y i s e x a c e r b a t e d b y t h e f a c t t h a t " r o u n d i n g o f f " o f LP 
o p t i m a l s o l u t i o n s d o e s n o t n e c e s s a r i l y p r o d u c e a s o l u t i o n w h i c h i s 
e v e n c l o s e t o i n t e g e r o p t i m a l i t y . 
T h e s e o b j e c t i o n s t o t h e u s e o f l i n e a r p r o g r a m m i n g a r e t h e 
i m p e t u s f o r t h e u s e o f m i x e d i n t e g e r p r o g r a m m i n g f o r m u l a t i o n b y 
H a m i l t o n a n d M o s e s [ 2 8 ] i n c o n s t r u c t i n g t h e i r m o d e l . T h e y d i v i d e 
t h e d e c i s i o n v a r i a b l e s u s e d i n t h e m o d e l i n t o t w o c a t e g o r i e s : 
s t r a t e g y v a r i a b l e s a n d f u n d s o u r c e s . T h e f u n d s o u r c e v a r i a b l e s 
a r e c o n t i n u o u s , r e p r e s e n t i n g , r e s p e c t i v e l y , t h e d e s i r e d l e v e l o f 
f u n d i n g f r o m l o n g t e r m d e b t ( b o t h g e n e r a l l o n g - t e r m d e b t , a n d 
t h a t w h i c h i s " t i e d " t o s p e c i f i c p r o j e c t s ) , s h o r t - t e r m d e b t , a n d 
i s s u a n c e o f c o m m o n a n d p r e f e r r e d s t o c k . T h e s t r a t e g y v a r i a b l e s a r e 
r e q u i r e d t o b e z e r o / o n e i n t e g e r v a r i a b l e s , a n d a r e f u r t h e r d i v i d e d 
i n t o t w o g r o u p s : m o m e n t u m s t r a t e g i e s , w h i c h r e f l e c t c o n t i n u a t i o n 
o f p r e s e n t a c t i v i t i e s i n c u r r e n t l i n e s o f b u s i n e s s ; a n d d e v e l o p m e n t 
s t r a t e g i e s , w h i c h r e f l e c t p r o p o s e d c h a n g e s i n t h e n a t u r e o r l e v e l 
o f p r e s e n t a c t i v i t i e s . 
T h e g e n e r a l s p e c i f i c a t i o n s f o r c o n s t r u c t i o n o f t h e f i n a n c i a l 
o p t i m i z a t i o n m o d e l w e r e : 
1 ) C o r p o r a t e s c o p e . T h e m o d e l s h o u l d r e f l e c t t h e f u l l r a n g e 
o f f i n a n c i a l p l a n n i n g v a r i a b l e s a c t u a l l y c o n s i d e r e d a t 
t h e c o r p o r a t e l e v e l , i n c l u d i n g i n t e r n a l c a p i t a l b u d g e t i n g , 
a c q u i s i t i o n a n d d i v e s t m e n t , d e b t c r e a t i o n a n d r e p a y m e n t , 
s t o c k i s s u e a n d r e p u r c h a s e , a n d d i v i d e n d p a y o u t . A 
f i v e t o t e n y e a r p l a n n i n g h o r i z o n c o n s i s t i n g o f o n e - y e a r 
p l a n n i n g p e r i o d s w a s c o n s i d e r e d a d e q u a t e . 
2 ) A n a l y t i c a l r e q u i r e m e n t s . E x p l i c i t p r o v i s i o n s h o u l d b e 
m a d e f o r e v a l u a t i n g d i s c r e t e i n v e s t m e n t s a n d e x t e n s i v e 
p a r a m e t r i c v a r i a t i o n s i n m o d e l i n p u t s . 
3 ) O n - l i n e o p e r a t i o n . D i r e c t a c c e s s t o t h e m o d e l a n d i t s 
d a t a b a s e s h o u l d b e p o s s i b l e v i a r e m o t e t e r m i n a l s t o 
a l l o w i t s m o s t e f f e c t i v e u s e a s a c r e a t i v e p l a n n i n g t o o l . 
4) I n p u t / O u t p u t F l e x i b i l i t y . A l t e r n a t i v e i n p u t a n d o u t p u t 
o p t i o n s s h o u l d b e p r o v i d e d t o f a c i l i t a t e m o d e l 
i m p l e m e n t a t i o n f o r s t a n d a r d a n d s p e c i a l p l a n n i n g s t u d i e s 
i n b o t h b a t c h a n d i n t e r a c t i v e m o d e s . 
T h e a u t h o r s s t a t e t h a t t h e " . . . p r i m a r y c o r p o r a t e o b j e c t i v e 
w a s d e f i n e d b y m a n a g e m e n t a s m a x i m i z i n g t h e v a l u e o f t h e c o r p o r a * -
t i o n t o i t s s t o c k h o l d e r s . " T h i s c o n c e p t u a l o b j e c t i v e w a s c o n v e r t e d 
t o t h e m o r e o p e r a t i o n a l g o a l o f m a x i m i z i n g e a r n i n g s p e r s h a r e ( E P S ) . 
L e t t i n g E ^ b e t o t a l c o r p o r a t e e a r n i n g s i n p e r i o d t , a n d h o l d i n g 
c o n s t a n t t h e n u m b e r o f s h a r e s o f c o m m o n s t o c k a t t h e l e v e l S Q w h i c h 
p r e v a i l s a t t = 0, t h e m u l t i p e r i o d o b j e c t i v e m a y b e w r i t t e n a s 
T 
M a x i m i z e : E P S = J E . ( 2 - 3 ) 
t = l
 t / s 0 
w h i c h i s l i n e a r a n d t h u s a m e n a b l e t o s o l u t i o n b y a v a i l a b l e m i x e d 
i n t e g e r p r o g r a m m i n g c o d e s . H o w e v e r , s i n c e t h e n u m b e r o f s h a r e s 
i s s u e d o r r e p u r c h a s e d i n e a c h p e r i o d i s a n i m p o r t a n t p a r t o f t h e 
f i n a n c i n g d e c i s i o n , t h e d e n o m i n a t o r o f e q u a t i o n ( 2 . 3 ) b e c o m e s 
- sn + ) A s = s - + A s _ w h e r e A s . i s t h e c h a n g e i n t h e 
t 0 x = l x t - 1 t l t & 
n u m b e r o f c o m m o n s h a r e s o u t s t a n d i n g i n p e r i o d t . T h i s p r o b l e m o f 
a n o w f r a c t i o n a l o b j e c t i v e f u n c t i o n i s r e s o l v e d i n a m a n n e r s i m i l a r 
t o t h a t u s e d b y C a r l t o n , D i c k a n d D o w n e s [ 5 ] : t h e u s e o f a s s u m p ­
t i o n s a n d m a n i p u l a t i o n s a p p r o p r i a t e t o a l l o w a n o b j e c t i v e f u n c t i o n 
w h i c h i s a l i n e a r a p p r o x i m a t i o n o f ( 2 . 2 ) . 
T h e m o d e l h a s a p p r o x i m a t e l y 1 0 0 0 v a r i a b l e s a n d 7 5 0 c o n ­
s t r a i n t s , n o t i n c l u d i n g u p p e r a n d l o w e r b o u n d c o n s t r a i n t s . T h e r e 
a r e o v e r 2 0 0 z e r o / o n e v a r i a b l e s , i n c l u d i n g t h e a b o v e m e n t i o n e d 
s t r a t e g y v a r i a b l e s a n d c e r t a i n s t r u c t u r a l v a r i a b l e s . T h e m o d e l i s 
s o l v e d u s i n g a m o d i f i e d b r a n c h - a n d b o u n d p r o c e d u r e , w i t h t o t a l 
c o m p u t a t i o n t i m e ( o n a U n i v a c 1 1 0 8 ) o f a p p r o x i m a t e l y 2 5 - 4 0 C P U 
m i n u t e s . P o s t - o p t i m a l i t y a n a l y s i s i s a v a i l a b l e a n d c o n s i s t s o f 
s e n s i t i v i t y a n a l y s i s o f c o n t i n u o u s v a r i a b l e s , p a r a m e t r i c a n a l y s i s , 
a n d c a s e - s t u d y t y p e v a r i a t i o n s i n s e l e c t e d m o d e l i n p u t d a t a a n d 
p a r a m e t e r v a l u e s . 
T h e m o d e l h a s b e e n u s e d i n s e v e r a l a r e a s o f p l a n n i n g a c t i ­
v i t y . I n a c q u i s i t i o n a n a l y s i s , i t h a s a s s i s t e d i n d e c i d i n g n o t 
o n l y w h a t s h o u l d b e a c q u i r e d , b u t a l s o t h e t i m i n g o f a c q u i s i t i o n , 
a n d t h e p r o p e r m e t h o d o f f i n a n c i n g . I t h a s a l s o b e e n u s e d t o 
s e l e c t g e n e r a l p r o f i l e s o f d e s i r a b l e a c q u i s i t i o n c a n d i d a t e s . 
S i m i l a r a p p l i c a t i o n s i n d i v e s t m e n t a n a l y s i s h a v e a l s o b e e n f o u n d . 
I t s u s e f u l n e s s i n e v a l u a t i n g p o l i c y r e s t r i c t i o n s h a s b e e n s h o w n 
b y i t s i l l u s t r a t i o n t o m a n a g e m e n t o f t h e f i n a n c i a l i m p l i c a t i o n s 
o f c o n t e m p l a t e d p o l i c y d e c i s i o n s . 
2 . 3 F i n a n c i a l P l a n n i n g M o d e l s : C a s e S t u d y / S i m u l a t i o n 
P e r h a p s t h e m o s t w i d e l y c i t e d a n d b e s t k n o w n e x p o s i t i o n o f 
a s p e c i f i c p l a n n i n g m o d e l i s G e o r g e G e r s h e f s k i ' s p a p e r c o n c e r n i n g 
t h e S u n O i l C o m p a n y m o d e l . T h i s m o d e l i s o f t h e d e t e r m i n i s t i c 
s i m u l a t i o n v a r i e t y , a n d r e p r e s e n t s t h e o p e r a t i o n o f t h e e n t i r e 
c o m p a n y . T h e i n p u t s t o t h e m o d e l i n c l u d e p r o d u c t p r i c e s a n d 
v o l u m e s , r a w m a t e r i a l c o s t s , e c o n o m i c c o n d i t i o n s , i n v e s t m e n t s , 
s u b s i d i n g c o m p a n y i n c o m e , a n d d i s c r e t i o n a r y e x p e n s e i t e m s . O f 
1 , 5 0 0 i t e m s r e q u i r e d a s i n p u t s t o t h e m o d e l , 5 0 0 a r e d e v e l o p e d 
f r o m h i s t o r i c a l i n f o r m a t i o n , a n d 1 , 0 0 0 a r e f o r e c a s t s f r o m 
o p e r a t i n g d e p a r t m e n t s . A d d i t i o n a l l y , c e r t a i n f u c t i o n a l r e l a t i o n ­
s h i p s ( e . g . , t h a t s e l l i n g e x p e n s e i s a g i v e n l i n e a r f u n c t i o n o f 
v a r i a b l e s s u c h a s t h e n u m b e r o f s e r v i c e s t a t i o n s , a n d g a s o l i n e 
s a l e s ) a r e e s t i m a t e d f r o m h i s t o r i c a l d a t a v i a t h e u s e o f r e g r e s s i o n 
a n a l y s i s . T h e m o d e l c o n t a i n s s o m e 2 , 0 0 0 e q u a t i o n s a n d p r o d u c e s 
5 , 2 0 0 o u t p u t i t e m s . 
T h e e q u a t i o n s i n t h e m o d e l s i m u l a t e t h e f l o w o f o i l f r o m 
p r o d u c t i o n a t t h e w e l l t o r e f i n e d p r o d u c t s a l e s a t t h e s e r v i c e 
s t a t i o n , t h e r e v e n u e s a n d e x p e n s e s a s s o c i a t e d w i t h i t , a n d t h e im^-
p a c t o f c a p i t a l i n v e s t m e n t s o n t h e v o l u m e o f f l o w . M o d u l a r 
c o n s t r u c t i o n w a s u s e d i n c r e a t i n g t h e m o d e l , w i t h " b l o c k s " o r 
s u b r o u t i n e s b e i n g u s e d t o m o d e l s e l e c t e d a s p e c t s o f t h e C o m p a n y ' s 
o p e r a t i o n s . T h i s a p p r o a c h t o g e n e r a t i n g t h e m o d e l i m p a r t s n o t 
o n l y f l e x i b i l i t y , b u t a l s o t h e a b i l i t y f o r u s i n g t h e m o d e l b e f o r e 
a l l d e s i r e d f e a t u r e s h a v e b e e n i n c o r p o r a t e d . I n t h i s r e g a r d , 
G e r s h e f s k i c i t e s t h e f a c t t h a t , a s o f t h e w r i t i n g o f t h e p a p e r , 
o p e r a t i o n s o f s u b s i d i a r i e s e n t e r o n l y a s b o t t o m - l i n e i n c o m e 
p r o j e c t i o n s . B e c a u s e o f i t s m o d u l a r d e s i g n , t h e m o d e l m a y b e 
r e a d i l y e x t e n d e d b y t h e a d d i t i o n o f " b l o c k s " d e s c r i b i n g t h e 
s u b s i d i a r i e s 1 o p e r a t i o n s i n m o r e d e t a i l . E a c h b l o c k i n t h e 
m o d e l t a k e s i n t o a c c o u n t t h e a c t i v i t i e s a n d a l t e r n a t i v e s 
a s s o c i a t e d w i t h t h e o p e r a t i o n b e i n g m o d e l e d , t h e r e l a t i o n s h i p 
b e t w e e n c o s t a n d v o l u m e , a n d t h e a c c o u n t i n g p r o c e d u r e f o l l o w e d . 
C o n n e c t e d v i a t h e i r m o d e l e d i n t e r r e l a t i o n s h i p s , t h e b l o c k r e s u l t s 
a r e c o m b i n e d t o p r o d u c e c o n s o l i d a t e d n e t i n c o m e f o r t h e C o m p a n y . 
T h i s b l o c k s t r u c t u r e i s i l l u s t r a t e d i n F i g u r e 2.3. T h e m o d e l 
g e n e r a t e s t h e f o l l o w i n g k e y r e p o r t s : 
I n c o m e s t a t e m e n t 
C a p i t a l i n v e s t m e n t s c h e d u l e ( b y d e p a r t m e n t ) 
S o u r c e s a n d u s e s o f f u n d s 
S t a t e m e n t o f e a r n i n g s e m p l o y e d a n d s t o c k h o l d e r s 1 e q u i t y 
T a x r e p o r t ( d e t a i l s a d j u s t m e n t s r e q u i r e d t o r e c o n c i l e b o o k 
i n c o m e w i t h t a x a b l e i n c o m e , e t c . ) 
R a t e - o f - r e t u r n a n a l y s i s 
F i n a n c i a l a n d o p e r a t i n g s u m m a r y 
T h e f i n a n c i a l a n d o p e r a t i n g s u m m a r y r e p o r t h i g h l i g h t s (1) 
f i n a n c i a l i t e m s s u c h a s n e t i n c o m e , r e v e n u e , t o t a l a s s e t s , l o n g -
t e r m d e b t , r e t u r n o n s t o c k h o l d e r s 1 e q u i t y , a n d r e t u r n o n t o t a l 
a s s e t s e m p l o y e d ; a n d (2) o p e r a t i o n a l i t e m s s u c h a s c r u d e o i l 
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p r o d u c e d , c r u d e o i l t o b e r u n i n r e f i n e r i e s , t h e l e v e l o f c r u d e 
o i l r e v e n u e s , g a s o l i n e s a l e s , a n d m a r k e t s h a r e . I n c l u d i n g 
s u p p o r t i n g s c h e d u l e s , t h e t o t a l m o d e l o u t p u t c o n s i s t s o f 1 4 2 
p a g e s a n d 6 1 s p e c i f i c r e p o r t s . W o r k i n g c a p i t a l i s n o t a s y e t 
m o d e l e d i n d e t a i l , s o a f u l l b a l a n c e s h e e t i s n o t p r o d u c e d . 
T h e m o d e l i s r u n u s i n g b a t c h s u b m i t t a l o f i n p u t . T o 
f a c i l i t a t e t h e c o m p a r i s o n o f a l t e r n a t i v e s i n t h e c a s e - s t u d y 
a p p r o a c h , s e v e r a l r u n s c a n b e s u b m i t t e d a t o n e t i m e . O n c e a n 
i n i t i a l i n p u t c o n f i g u r a t i o n h a s b e e n s p e c i f i e d , s u b s e q u e n t r u n s 
r e q u i r e i n p u t o f d a t a a n d / o r p a r a m e t e r c h a n g e s o n l y . T h e 
e x a c t f o r m a n d c o n t e n t o f m o d e l r e p o r t i n g i s c o n t r o l l e d b y a 
r e p o r t w r i t i n g p r o g r a m t h a t r e t r i e v e s s e l e c t e d i n f o r m a t i o n f r o m 
c o m p u t e r s t o r a g e . 
A m o d e l w h i c h e x p l o r e s t h e s y n t h e s i s o f e c o n o m i c t h e o r y a n d 
b u s i n e s s d e c i s i o n m a k i n g h a s b e e n c r e a t e d b y C . W . B u r r i l l a n d L e o n 
Q u i n t o o f t h e I B M S y s t e m s R e s e a r c h I n s t i t u t e [ 4 ] . T h e s i m u l a t i o n 
m o d e l w a s d e s i g n e d p r i m a r i l y a s a t o o l f o r r e s e a r c h a n d e d u c a t i o n 
i n t h e a r e a o f f i n a n c e . B e c a u s e o f t h i s f o c u s , t h e a u t h o r s 
c o n c e n t r a t e d o n t h e d e t a i l e d m o d e l i n g o f t h e f i n a n c i a l a s p e c t s o f 
b u s i n e s s a c t i v i t y , w i t h l e s s e f f o r t b e i n g d i r e c t e d t o w a r d t h e 
o p e r a t i n g a r e a s . T o b e o f m a x i m a l u s e f u l n e s s a s a t o o l f o r t h e 
i l l u s t r a t i o n o f t h e u s e f u l n e s s o f p l a n n i n g m o d e l s i n a b u s i n e s s 
e n v i r o n m e n t , t h e m o d e l w a s f o r m e d w i t h s i m p l i c i t y o f s t r u c t u r e i n 
m i n d . A d d i t i o n a l l y , o u t p u t f r o m t h e m o d e l i s i n c o n v e n t i o n a l 
a c c o u n t i n g f o r m w h e r e p o s s i b l e . 
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T h e c o m p u t e r m o d e l i s b a s e d o n t h e o p e r a t i o n s o f a 
h y p o t h e t i c a l c o m p a n y w h i c h p r o d u c e s a s i n g l e p r o d u c t . T h i s 
p r o d u c t ( w h i c h i s , c o i n c i d e n t a l l y , c o m p u t i n g e q u i p m e n t ) i s b o t h 
s o l d a n d l e a s e d . I n t h e c o n t e x t o f t h e m o d e l , t h i s l e a d s t o t w o 
s e t s o f d e m a n d f u n c t i o n s - o n e e a c h f o r l e a s e a n d o u t r i g h t 
p u r c h a s e - w h i c h m u s t r e f l e c t t h e i n t e r d e p e n d e n c i e s b e t w e e n s a l e 
a n d r e n t a l p r i c i n g a n d o v e r a l l d e m a n d . 
T h e a s s u m p t i o n i s m a d e t h a t d e m a n d c a n g r o w r a p i d l y o v e r 
t i m e . T h e c o m p a n y m a y m e e t t h i s d e m a n d b y e x p a n s i o n o f p r o d u c t i o n 
f a c i l i t i e s , t a k i n g i n t o a c c o u n t o p p o s i n g f o r c e s o f i n f l a t i o n a n d 
t e c h n o l o g i c a l i m p r o v e m e n t . F i n a n c i n g o f e x p a n s i o n c a n b e a c h i e v e d 
b y t h e " u s u a l m e a n s " , i n c l u d i n g t h e f l o t a t i o n o f s t o c k a n d b o n d s . 
T h e r a t e o f i n t e r e s t o n b o r r o w e d f u n d s i s g e n e r a t e d b y t h e m o d e l 
a s a f u n c t i o n o f a " m o d i f i e d " d e b t - e q u i t y r a t i o . M a r k e t v a l u a t i o n 
o f s t o c k i s d e t e r m i n e d a s a f u n c t i o n o f p r e v i o u s y e a r s ' e a r n i n g s 
a n d t h e b o o k v a l u e o f t h e c o m p a n y . 
T h e m o d e l d e t e r m i n e s p l a n t c a p a c i t y a s a f u n c t i o n o f ( u s e r 
s u p p l i e d ) e x p e n d i t u r e s f o r p l a n t a n d e q u i p m e n t i n p r e v i o u s y e a r s . 
L i k e t h e m o d e l i n g o f t h e d e m a n d e q u a t i o n s , t h e e q u a t i o n s w h i c h y i e l d 
m a n u f a c t u r i n g c o s t s a r e b a s e d o n e c o n o m i c t h e o r y . A s p l a n t c a p a c i t y 
i s i n c r e a s e d , t h e m i n i m u m a v e r a g e c o s t o f p r o d u c t i o n d e c r e a s e s , 
w h i l e t h e p r o d u c t i o n l e v e l n e c e s s a r y t o e x p e r i e n c e t h i s m i n i m u m c o s t 
i n c r e a s e s . 
S i m u l a t i o n i s c a r r i e d o u t o v e r a v a r i a b l e p l a n n i n g p e r i o d , 
w i t h o n e y e a r t i m e u n i t s b e i n g u s e d . T y p i c a l p l a n n i n g h o r i z o n s a r e 
5 o r 1 0 y e a r s . I m p o r t a n t m o d e l i n p u t a n d o u t p u t q u a n t i t i e s a r e 
2h 
h i g h l i g h t e d b e l o w . 
I n p u t 
1) P l a n n i n g p e r i o d l e n g t h 
2) P r o d u c t p u r c h a s e a n d l e a s e p r i c e s ( a n n u a l l y ) 
3) Q u a n t i t y t o b e p r o d u c e d ( a n n u a l l y ) 
4) C a p i t a l e x p a n s i o n s c h e d u l e ( a n n u a l l y ) 
5) F i n a n c i n g a m o u n t a n d m i x ( a n n u a l l y ) 
O u t p u t 
1) A n n u a l b a l a n c e s h e e t s , i n c o m e s t a t e m e n t s , s o u r c e s a n d 
u s e s o f f u n d s , a n d c e r t a i n k e y f i n a n c i a l r a t i o s . 
2) M a r g i n a l c o s t , m a r g i n a l r e v e n u e , b a c k l o g , i n v e n t o r y , a n d 
s e l l i n g p r i c e p e r s h a r e o f c o m m o n s t o c k ( a n n u a l l y ) 
T h e i n t e n d e d m o d e o f m o d e l u s e i s i n t h e a n s w e r i n g o f " w h a t 
i f " t y p e o f q u e s t i o n v i a v a r i a t i o n i n i n p u t f a c t o r s . N o i n t e r n a l 
o p t i m i z a t i o n i s p e r f o r m e d , a l t h o u g h e x t e r n a l r o u t i n e s h a v e b e e n 
c r e a t e d w h i c h g e n e r a t e i n p u t s n e e d e d b y t h e m o d e l s o a s t o e f f e c t 
l o c a l s u b o p t i m i z a t i o n o f c e r t a i n c o m p a n y a c t i v i t i e s . N o s t o c h a s t i c 
e l e m e n t s a r e i n c l u d e d i n t h e m o d e l , p r i m a r i l y t o a l l o w f o r e a s e o f 
u n d e r s t a n d i n g o n t h e p a r t o f s t u d e n t s u s i n g i t . 
B u r r i l l h a s f o u n d t h e m o d e l t o b e v e r y u s e f u l i n b o t h 
t e a c h i n g a n d r e s e a r c h a c t i v i t i e s . I n t h e l a t t e r r e g a r d , h e 
p r e s e n t s a n e x a m p l e o f t h e u s e f u l n e s s o f t h e s i m u l a t i o n a p p r o a c h 
i n a d d r e s s i n g c o m p l e x q u e s t i o n s o f i n t e r t e m p o r a l a l l o c a t i o n o f 
i n v e s t m e n t r e s o u r c e s . R e s u l t s w e r e a c h i e v e d b y u s i n g d i r e c t e d 
s i m u l a t i o n s t u d y t o v e r i f y a n d r e f i n e a l g o r i t h m i c c o n s t r u c t s a n d 
s i m p l i f i e d c l o s e d f o r m r e l a t i o n s h i p s d r a w n f r o m t h e o r i e s o f 
e c o n o m i c s a n d f i n a n c e . 
A c a r e f u l t r e a t m e n t o f t h e h u m a n e l e m e n t i n m o d e l d e s i g n 
h a s b e e n p r e s e n t e d b y S t o n e , D o w n e s a n d M a g e e ( S D M ) [ 6 1 ] , T h e i r 
d i s c u s s i o n i s b a s e d o n a c o n v e r s a t i o n a l f i n a n c i a l s t a t e m e n t 
s i m u l a t o r b u i l t f o r G e n e r a l R e c r e a t i o n , I n c . . T h e m o d e l a l l o w s 
f o r b o t h s h o r t a n d l o n g t e r m p l a n n i n g , a l l o w i n g f o r b o t h i n d i v i d u a l 
c o n s i d e r a t i o n o f t h e s e t w o a s p e c t s o f t h e p l a n n i n g p r o c e s s , o r 
a s i m u l t a n e o u s c o n s i d e r a t i o n v i a i t e r a t i o n b e t w e e n t h e s e t w o m o d e l 
s e c t i o n s [ 6 0 ] . 
S D M p r e s e n t s i m p l e d a t a g e n e r a t i o n f u n c t i o n s w h i c h a r e 
i n t e n d e d t o r e d u c e t h e u s e r ' s d a t a e n t r y b u r d e n , w h i l e a t t h e s a m e 
t i m e p e r m i t t i n g f l e x i b i l i t y i n s p e c i f i c a t i o n o f m o d e l e l e m e n t s 
a n d i n t e r r e l a t i o n s . T h e y h a v e b e e n i n c o r p o r a t e d i n t o a m o d e l w h i c h 
d o e s n o t c o m p r i s e a s e t o f f i x e d a c c o u n t t y p e s o r c l a s s e s . R a t h e r , 
i t a p p r o a c h e s a s i m u l a t i o n l a n g u a g e i n t h a t t h e u s e r m a y s p e c i f y 
r e p o r t t i t l e s , a c c o u n t n a m e s , a n d t h e m e t h o d b y w h i c h t h e a c c o u n t 
v a r i a b l e s a r e t o t a k e t h e i r v a l u e s . T h e p o s s i b l e f u n c t i o n a l 
r e l a t i o n s h i p s a v a i l a b l e f o r a c c o u n t v a l u e s p e c i f i c a t i o n a r e i n c l u d e d 
i n a " m e n u " o f a c c o u n t g e n e r a t i n g f u n c t i o n s w h i c h i s s u p p l i e d a s 
p a r t o f m o d e l d o c u m e n t a t i o n , a n d i s r e p r o d u c e d ( i n p a r t ) i n 
T a b l e 2 . 1 . T h e a u t h o r s c i t e s p m e b e n e f i t s w h i c h t h e y f e e l a c c r u e 
f r o m t h e u s e o f t h e a p p r o a c h : 
1 ) A r e d u c t i o n i n t h e d a t a e n t r y b u r d e n f r o m t h a t r e q u i r e d 
f o r s p e c i f i c a t i o n o f a n e n t i r e s c h e d u l e o f a c c o u n t v a l u e s . 
2 ) L i m i t a t i o n o f k n o w l e d g e r e q u i r e d t o t h a t n o r m a l l y p o s s e s s e d 
b y a p e r s o n e n g a g e d i n b u s i n e s s p l a n n i n g . 
T a b l e 2 . 1 B a s i c A c c o u n t G e n e r a t i o n F u n c t i o n s 
P a r a m e t e r s 
N u m b e r 1 2 3 4 S t r u c t u r e F u n c t i o n N a m e 
P r o p o r t i o n a l G r o w t h 1 
D o l l a r G r o w t h 2 
L i n e a r P r o p o r t i o n 3 
M o v i n g R a t i o 4 
S u m - D i f f e r e n c e 5 
P e r i o d - B y - P e r i o d 6 
— G l T L 
G2 T L 
S E C B P L 
S E C — — L 
P a r a m e t e r s a r e n a m e s a n d s i g n s 
o f s e c o n d a r y a c c o u n t s . 
N A M E t = (1+G1) ' N A M E 
N A M E t = N A M E t _ L + G 2 ( L / T ) 
N A M E . . = B + P - S E C t _ L 
N A M E . = N A M E . T ( S E C / S E C _ T ) 
t t - L t t - L 
N A M E , . = + SEC1 + SEC2. 
t — t — t 
U s e r s p e c i f i c a t i o n o f i n d i v i d u a l 
d a t a . 
G l = p e r c e n t a g e g r o w t h r a t e N a m e ^ = v a l u e o f p r i m a r y ( d e p e n d e n t ) 
a c c o u n t a t t i m e t 
G2 = d o l l a r g r o w t h r a t e S E C t = v a l u e o f s e c o n d a r y ( i n d e p e n d e n t ) 
a c c o u n t a t t i m e t 
T = g r o w t h c o m p o u n d i n g t i m e P = p r o p o r t i o n a l i t y f a c t o r 
L =' l a g t i m e — = n o p a r a m e t e r r e q u i r e d 
B = b a s e a m o u n t 
3 ) T h e a b i l i t y t o p e r f o r m s e n s i t i v i t y a n a l y s e s b y c h a n g i n g 
o n l y a f e w p a r a m e t e r s i n s t e a d o f l a r g e b l o c k s o f u s e r -
e n t e r e d d a t a . 
4 ) T h e f a c t t h a t t h e c o n c e p t s o f g r o w t h r a t e s , r a t i o s , a n d 
p r o p o r t i o n a l i t y f a c t o r s a r e t h o s e t y p i c a l l y u s e d i n 
p l a n n i n g p r a c t i c e . T h u s t h e s p e c i f i c a t i o n o f a s p e c i f i c 
m o d e l i n g s i t u a t i o n i s c o u c h e d i n t e r m s t h a t a r e f a m i l i a r 
t o t h e u s e r . 
T h e b a s i c g e n e r a t i o n f u n c t i o n s s h o w n i n T a b l e 2 . 1 a r e e x ­
t e n d e d a n d e n r i c h e d b y t h e i n c o r p o r a t i o n o f a d d i t i o n a l t y p e s o f 
g e n e r a t i n g c a p a b i l i t y : t i m e d e p e n d e n t d a t a g e n e r a t i o n f u n c t i o n s , 
v a r y i n g g r o w t h a n d v a r y i n g p r o p o r t i o n . - T h e m a n n e r i n w h i c h t h e s e 
a d d i t i o n a l c a p a b i l i t i e s a r e p r o v i d e d i s b e s t d e s c r i b e d b y u s e o f 
a n e x a m p l e . S u p p o s e t h a t a c o m p a n y h a s s a l e s w h i c h g r o w a t a n 
a n n u a l r a t e o f 1 0 % w i t h a l a g t i m e o f 6 m o n t h s . U s i n g a t i m e 
u n i t o f o n e m o n t h , T = 1 2 , a n d t h e a p p r o p r i a t e a c c o u n t g e n e r a t i o n 
f u n c t i o n w o u l d b e F u n c t i o n N u m b e r 1 i n t h e f o l l o w i n g f o r m : 
1 / 2 
S A L E S = ( 1 . 1 0 ) ' S A L E S r 
t t - 6 
I n t h e u s e o f t h e S D M m o d e l , e n t r y o f t h i s r e l a t i o n s h i p w o u l d b e 
a s f o l l o w s ( u s e r i n p u t u n d e r l i n e d ) : 
T Y P E A C C O U N T N A M E , F U N C T I O N NCI: 0 = S T O P 
* S A L E S , 1 
T Y P E P A R A M E T E R S : G 1 , T , 1 
* 0 . 1 0 , 1 2 , 6 
28 
I f c o m p a n y p l a n n e r s i n s t e a d b e l i e v e d t h e c o m p a n i e s s a l e s t o 
f o l l o w a p r o p o r t i o n a l g r o w t h r a t e p a t t e r n w h i c h v a r i e d o v e r t i m e , 
o n l y a s l i g h t c h a n g e i n m o d e l d a t a e n t r y i s r e q u i r e d . A d o p t i n g 
t h e c o n v e n t i o n t h a t t i m e p e r i o d s n e e d o n l y b e s p e c i f i e d w h e n o n e 
i s s p e c i f y i n g m o r e t h a n o n e f u n c t i o n o r s e t o f p a r a m e t e r v a l u e s , 
a n d l e t t i n g ( m , n ) d e n o t e t h a t a g i v e n f u n c t i o n o r p a r a m e t e r s e t 
i s t o b e u s e d i n p e r i o d s m t h r o u g h n , t h i s s i t u a t i o n m a y b e 
h a n d l e d i n a s t r a i g h t f o r w a r d m a n n e r . F o r g r o w t h o f 1 0 % i n m o n t h s 
1 t h r o u g h 6 , a n d 7 % t h e r e a f t e r , t h e f o l l o w i n g u s e r - m o d e l 
d i a l o g u e w o u l d t a k e p l a c e . 
T Y P E A C C O U N T N A M E , F U N C T I O N N Q : 0 = S T O P 
* S A L E S , ! 
T Y P E G 1 , T , L 
* 0 . 1 0 , 1 2 , 6 ( 1 , 6 ) , 0 . 0 7 , 1 2 6 
S e n s i t i v i t y a n a l y s i s i s c a r r i e d o u t b y t h e c o m p a r i s o n o f 
" v e r s i o n s " o r c o m p l e t e s e t s o f i n f o r m a t i o n n e c e s s a r y t o p r o j e c t 
f u t u r e f i n a n c i a l s t a t e m e n t s . I n a d d i t i o n t o c o m p a r i s o n b y i n - . 
s p e c t i o n o n t h e p a r t o f t h e u s e r , t h e m o d e l p o s s e s s e s t h e c a p a b i l i t y 
f o r c r e a t i o n o f c o m m o n - s i z e a n d e x c e p t i o n r e p o r t i n g . 
T h e a u t h o r s n o t e t h a t t h e r e a r e s o m e t y p e s o f i n t e r d e p e n -
d e n c i e s w h i c h e m b o d y s u f f i c i e n t c o m p l e x i t y s o a s n o t t o b e 
a m e n a b l e t o a c c o u n t b y a c c o u n t s p e c i f i c a t i o n . T h e y u t i l i z e t h e 
n o t i o n o f a " s p e c i a l s u b s y s t e m " w h i c h r e f e r s t o " . . . p r e p r o g r a m m e d 
c o m p o n e n t s o f t h e f i n a n c i a l s t a t e m e n t g e n e r a t o r t h a t f i n d j o i n t l y 
c o n s i s t e n t v a l u e s f o r g r o u p s o f i n t e r d e p e n d e n t a c c o u n t s . " T h e y 
c i t e a s e x a m p l e s o f s u b s y s t e m s o f t h i s t y p e : f i n a n c i n g , 
d e p r e c i a t i o n a n d t a x . I n a d d i t i o n , c e r t a i n s p e c i a l a t t r i b u t e s o f 
a p a r t i c u l a r c o m p a n y ' s f i n a n c i a l a c t i v i t i e s ( e . g . , s e a s o n a l l y 
e x t r e m e l e v e l s o f a c c o u n t s r e c e i v a b l e ) m a y m a n d a t e t h e c r e a t i o n 
o f c o m p a n y - s p e c i f i c s u b s y s t e m s t o r e n d e r m o d e l i n g e f f o r t s s u f f i r 
c i e n t l y u s e f u l i n t h e p l a n n i n g p r o c e s s . 
2 . 4 P l a n n i n g L a n g u a g e s 
D i s c u s s i o n o f p l a n n i n g l a n g u a g e s P R O P H I T II [ 4 9 ] a n d P S G II 
[ 4 8 ] b e g i n s w i t h a s u m m a r y o f s o m e o f t h e i r c o m m o n c h a r a c t e r i s t i c s . 
O n c e t h i s c o m m o n g r o u n d h a s b e e n e s t a b l i s h e d , s o m e f e a t u r e s u n i q u e 
t o e a c h a r e p r e s e n t e d . F i n a l l y , t h i s s e c t i o n c o n c l u d e s w i t h t h e 
F A P S [ 1 8 ] p r o g r a m p r o d u c t . 
A s u s e d h e r e , a p l a n n i n g l a n g u a g e i s d i s t i n g u i s h e d f r o m a 
p l a n n i n g m o d e l b y t h e d e g r e e o f f l e x i b i l i t y i n h e r e n t i n i t s u s e . 
T h e r a n g e o f c o m m a n d s a v a i l a b l e a n d t h e f r e e d o m t o d e s i g n t h e 
m e c h a n i c s o f r e p o r t g e n e r a t i o n a n d d i s p l a y a r e s u c h t h a t t h e u s e r , 
i n e f f e c t , b u i l d s h i s o w n m o d e l . T h r o u g h a p p r o p r i a t e s p e c i f i c a t i o n , 
c o m p a n y - s p e c i f i c p r a c t i c i e s m a y b e i n c o r p o r a t e d , a n d p a r t i c u l a r l y 
r e l e v a n t r e p o r t s g e n e r a t e d . T h e r a i s o n d ' e t r e f o r t h e d e v e l o p m e n t 
o f t h e s e l a n g u a g e s w a s t o p r o v i d e t h i s c a p a b i l i t y t o t h e p l a n n e r / 
u s e r w i t h i n a n e n v i r o n m e n t w h e r e c o m p u t e r p r o g r a m m i n g s k i l l s w e r e 
n o t r e q u i r e d . R a t h e r t h a n b e c o m i n g e m b r o i l e d i n t h e d e t a i l s o f a 
1 
A n e x a m p l e o f s u c h a s u b s y s t e m w h i c h c o n t r o l s t h e c a s h m a n a g e m e n t 
f u n c t i o n m a y b e f o u n d i n S t o n e [ 6 0 ] , 
30 
g e n e r a l p r o g r a m m i n g l a n g u a g e , t h e u s e r w o r k s w i t h a s e t o f 
c o m m a n d s a n d o p t i o n s w h i c h a p p l y e x c l u s i v e l y t o t h e p l a n n i n g 
p r o c e s s . 
P R O P H I T I I i s p a r t o f a l i b r a r y o f b u s i n e s s o r i e n t e d 
s o f t w a r e ^ , a n d a s s u c h , i t s c a p a b i l i t i e s a r e e n h a n c e d b y t h e 
a b i l i t y t o a c c e s s o t h e r l i b r a r y c o m p o n e n t s . A l t h o u g h p r o b a ­
b i l i s t i c c o n s i d e r a t i o n s m a y b e i n c o r p o r a t e d i n t o a g i v e n u s e r m o d e l , 
P R O P H I T I I i s b a s i c a l l y o r i e n t e d t o w a r d d e t e r m i n i s t i c c o m p a r i s o n 
a n d e v a l u a t i o n o f a l t e r n a t i v e s c e n a r i o s : " A p r i m e b e n e f i t o f 
P R O P H I T I I i s t h a t i t s f l e x i b i l i t y a n d s p e e d e n a b l e m a n a g e m e n t t o 
e x a m i n e t h e e f f e c t s o f m a n y m o r e c h a n g e s a n d t o i n v e s t i g a t e m o r e 
a l t e r n a t i v e s . " T h i s s y s t e m i s u s e d i n a n i n t e r a c t i v e s e t t i n g a n d 
i s , i n i t s s i m p l e s t f o r m , a " c o m p u t e r i z e d c o l u m n a r s p r e a d s h e e t . " 
F i g u r e 2 . 4 s h o w s t h e b a s i c d a t a f l o w i n v o l v e d i n u s e r s p e c i f i c a t i o n 
o f a m o d e l . T h e " d e f i n i t i o n f i l e " c o n t a i n s t h e o p e r a t i o n s n e c e s s a r y 
f o r m o d e l c o n s t r u c t i o n . T h e " d a t a f i l e " p r o v i d e s i n p u t q u a n t i t i e s 
t o b e r u n a c c o r d i n g t o i n s t r u c t i o n s i n t h e d e f i n i t i o n f i l e , a s 
c o n t r o l l e d b y P R O P H I T I I c o m m a n d s . A r e p o r t f i l e i s g e n e r a t e d s o 
t h a t s u b s e q u e n t a n a l y s i s c a n b e c a r r i e d o u t o n t h e m o d e l - g e n e r a t e d 
d a t a w i t h o u t t h e n e c e s s i t y f o r r e c o m p u t a t i o n . I n a c t u a l u s e , t h e 
u s e r i n p u t s a n " O p e r a t i o n C o d e " w h i c h d e f i n e s t h e f u n c t i o n t o b e 
o 
u s e d , p l a c i n g a f t e r i t p a r a m e t e r s a n d l i n e n u m b e r s a s n e c e s s a r y . 
1 
" C A L L / 3 7 0 B u s i n e s s I n f o r m a t i o n S e r v i c e s f o r P l a n n i n g , A n a l y s i s a n d 
C o n t r o l , " m a r k e t e d b y t h e S e r v i c e B u r e a u C o m p a n y . 
T h e r e a d e r w i l l n o t e t h e s i m i l a r i t y b e t w e e n t h i s f o r m o f i n p u t a n d 
t h e " m e n u " o f a c c o u n t g e n e r a t i o n f u n c t i o n s u s e d b y S t o n e e t a l . [61], 
2 




D E F I N I T I O N F I L E ( M O D E L ) 
(1) SALES READ LINE OF DATA 
(2) SKIP BLANK LINE 
(S) COST OF GOODS SOLD PRINT TITLE ONLY 
(4) LA.BOR READ LINE OF DATA 
(&) PACKAGING .10 X LINE (1) 
(6) INGREDIENTS READ LINE OF DATA 
(?) UNDERSCORE COLUMNS 
(8) TOTAL C.O.G.S. SUM LINES (4), ($),(6) 
(9) SKIP BLANK LINE 
(10) GROSS MARGIN SUM LINES (l),-(8) 
J \ D A T A F I L E t 
PRODUCT A; QUARTERLY COLUMNS 
(1) 3000, 3750, 5500, 5000 
(4) 775, 950, 1500, 1200 
(6) 725, 850, 1100, 950 
P R O P H I T II C O M M A N D S * 
RUN **PR0PRIT2 
COMMAND CREATE 
DEFINITION, DATA NAMES.. # j> MODEL, DATA 
? PRINT 
i REPORT1 WHICH COLUMNS 9 ALL 
f ALL 
R E P O R T 
PRODUCT A 
1 9 7 6 
1 S T Q 
1 9 7 6 
2 N D Q 
1 9 7 6 
3 R D Q 
1 9 7 6 
4TH Q 
SALES 3 0 0 0 3 7 5 0 5 5 0 0 5 0 0 0 





7 7 5 
3 0 0 
7 2 5 
1 8 0 0 
9 5 0 
3 7 5 
8 5 0 
2 1 7 5 
1 5 0 0 
5 5 0 
1 1 0 0 
3 1 5 0 
1 2 0 0 
5 0 0 
2 5 0 
2 6 5 0 
GROSS MARGIN 1 2 0 0 1 5 7 5 2 3 5 0 2 3 5 0 
R E P O R T 
F I L E 
Basic D a t a F l o w — Often, a single m o d e l can handle m a n y data files, each 
o f w h i c h represents a specific product line, branch office, division, etc. 
tStylized for presenting initial concept!. 
F i g u r e 2 . 4 . P R O P H I T I I B a s i c D a t a F l o w 
T h e v o c a b u l a r y o f d a t a m a n i p u l a t i v e c o m m a n d s w h i c h a r e a p a r t o f 
P R O P H I T I I i n c l u d e s p e c i a l r e p o r t f u n c t i o n s t o c o m b i n e , o r 
e x t r a c t a n d c o m p a r e , s e p a r a t e s e t s o f d a t a . I n a d d i t i o n , t h e r e 
e x i s t s a " W H A T - I F " c o m m a n d w h i c h p r o v i d e s t h e c a p a b i l i t y f o r 
a s s e s s i n g , i n a s t r a i g h t f o r w a r d m a n n e r , t h e e f f e c t s o f c h a n g e s i n 
s e l e c t e d d a t a o r m o d e l e d r e l a t i o n s h i p s . 
P S G I I i s a p l a n n i n g l a n g u a g e d e s i g n e d f o r u s e v i a b a t c h 
s u b m i t t a l o f p u n c h e d c a r d d e c k s . I t p r o v i d e s t h e u s e r w i t h 
" t r a n s p a r e n t " d a t a m a n a g e m e n t c a p a b i l i t i e s s u c h a s d a t a c o n v e r s i o n 
a n d s t o r a g e w h i c h a r e , i n l a r g e p a r t , t h e s a m e a s t h o s e u n d e r l y i n g 
t h e o p e r a t i o n o f P R O P H I T I I a s d e s c r i b e d a b o v e . T h e u s e r p r o v i d e s 
P S G I I w i t h t h e l o g i c n e c e s s a r y t o g e n e r a t e d d e s i r e d i n f o r m a t i o n . 
T h e s e i n s t r u c t i o n s c o n s i s t o f F O R T R A N s t a t e m e n t s . A l l i n p u t a n d 
o u t p u t o p e r a t i o n s a r e c o n t r o l l e d b y P S G I I , t h u s t h e u s e r n e e d 
o n l y b e c o n c e r n e d w i t h s p e c i f i c a t i o n o f l o g i c a n d f u n c t i o n a l 
r e l a t i o n s h i p s . 
I n a d d i t i o n t o a l i b r a r y o f " p l a n n i n g f u n c t i o n s " ( e . g . , f o r 
c o m p u t a t i o n o f c o m p o u n d g r o w t h r a t e s ) P S G I I a l s o a l l o w s t h e u s e r 
t o c r e a t e F O R T R A N l a n g u a g e s u b r o u t i n e s t o m o d e l s p e c i a l i t e m s . 
I n d e e d , t h e u s e r l o g i c s p e c i f i c a t i o n s a r e s u p p l i e d t o P S G I I i n 
t h e f o r m o f s u b r o u t i n e s a l s o . 
T h e F i n a n c i a l A n a l y s i s a n d P l a n n i n g S y s t e m ( F A P S ) i s n o t a 
p l a n n i n g l a n g u a g e p e r s e , i n t h e s e n s e t h a t t h e u s e r d o e s n o t 
c r e a t e h i s o w n m o d e l . I n s t e a d , i t i s a c o n v e r s a t i o n a l , t i m e ­
s h a r i n g m o d e l c o m p o s e d o f a p a c k a g e o f g e n e r a l l y a p p l i c a b l e 
s u b s y s t e m s . O n - L i n e D e c i s i o n s , I n c . , t h e f i r m w h i c h m a r k e t s t h e 
m o d e l , c o n s t r u c t s a " U s e r C o m p a n y M o d e l " a f t e r a s t u d y o f t h e 
o p e r a t i o n s o f t h e c o m p a n y p u r c h a s i n g t h e i r s e r v i c e . T h e m a c r o 
s t r u c t u r e o f F A P S i s s h o w n i n F i g u r e 2 . 5 . T h e S t r a t e g y a n d 
P l a n n i n g a n d E v a l u a t i o n ( S P E ) a n d I n t e g r a t e d D a t a A n a l y s i s (IDA) 
s u b s y s t e m s c o n c e r n t h e m s e l v e s , r e s p e c t i v e l y , w i t h p r o f o r m a 
f i n a n c i a l p e r f o r m a n c e , a n d e v a l u a t i o n o f p a s t a n d p r e s e n t 
o p e r a t i o n s . T h e y a r e i n t e g r a t e d s o t h a t d a t a f r o m o n e s u b s y s t e m 
c a n b e u s e d a s i n p u t t o t h e o t h e r . F A P S i s d e s i g n e d a s a t o o l t o 
e n h a n c e t h e d e c i s i o n m a k i n g p r o c e s s v i a t h e a n s w e r i n g o f w h a t - i f 
q u e s t i o n s a n d d o e s n o t c o n t a i n o p t i m i z a t i o n c o d e . 
2 . 5 S m a l l B u s i n e s s M o d e l s 
A " P r o f i t - P l a n n i n g a n d C o n t r o l S y s t e m " ( P P C S ) h a s b e e n 
d e v e l o p e d b y K i c k [ 3 2 ] w h i c h i s d e s i g n e d f o r u s e b y a s m a l l 
b u s i n e s s . T h e P P C S i s a c o m b i n a t i o n o f p r e s c r i b e d m a n a g e m e n t 
a n a l y s i s a c t i v i t i e s , c u l m i n a t i n g i n t h e p r o v i s i o n o f i n p u t 
t o a s i m u l a t i o n m o d e l . A p r o f i t p l a n n i n g s u b s y s t e m a n d p r o f i t 
c o n t r o l s u b s y s t e m c o m p o s e t h e P P C S . T h e f i r s t o f t h e s e g e n e r a t e s 
a p r o f o r m a i n c o m e s t a t e m e n t , b a l a n c e s h e e t , a n d s t a t e m e n t o f 
f i n a n c i a l a n a l y s i s f o r a " f o r e c a s t e d y e a r . " T h e p r o f i t c o n t r o l 
s u b s y s t e m p r o d u c e s f i f t e e n r e p o r t s s i m i l a r t o t h o s e p r o d u c e d b y 
t h e p l a n n i n g s u b s y s t e m . T h e s t a t e m e n t o f f i n a n c i a l a n a l y s i s i n 
t h e p r o f i t c o n t r o l s u b s y s t e m c o m p a r e s i n d u s t r y f i g u r e s f o r t h e 
c u r r e n t y e a r w i t h a c t u a l a n d p r o j e c t e d p e r f o r m a n c e o f t h e f i r m 
b e i n g s t u d i e d . T a b l e 2 . 2 c o n t a i n s s a m p l e o u t p u t f r o m e a c h o f 
t h e s e s u b s y s t e m s . 
F A P S 
[ 
I n t e g r a t e d D a t a 
A n a l y s i s ( I D A ) 
I 
S t r a t e g y P l a n n i n g 
A n d E v a l u a t i o n ( S P E ) 
M a t h e m a t i c a l 
R o u t i n e s 
F o r e c a s t 
S t a t i s t i c a l 
R o u t i n e s 
F o r e c a s t 
O t h e r 
D a t a M o d e s 
F u n d s 
S t a t e m e n t 
U s e r 
C o m p a n y 
M o d e l 
E c o n o m i c 
S e r i e s 
D a t a F i l e 
B u s i n e s s 
S e r i e s 
D a t a F i l e 
F I G U R E 2 .5 
F I N A N C I A L A N A L Y S I S A N D P L A N N I N G S Y S T E M 
Table 2.2 PPCS Output 
P L A N N I N G S U 3 S Y S T E M O U T P U T 
P R O F O R M A 
I N C O M E S T A T E M E N T 
D E C E M B E R 3 1 , 1 9 X X 
M O S T R E C E N T F O R E C A S T E D P E R C E N T 
Y E A R Y E A R C H A N G E 
S A L E S 3 , 0 3 6 , 0 0 0 3 , 1 6 0 , 0 0 0 4.1 
C O S T O F G O O D S S O L D 8 2 5 , 0 0 0 9 0 0 , 0 0 0 9.1 
G R O S S P R O F I T 2 , 2 1 1 , 0 0 0 2 , 2 6 0 , 0 0 0 2.2 
S E L L I N G E X P E N S E 1 , 0 0 2 , 7 6 0 9 9 6 , 0 0 0 — 0 . 1 
A D M I N I S T R A T I V E E X P E N S E 7 7 0 , 8 0 0 7 9 0 , 0 0 0 2.5 
D E P R E C I A T I O N E X P E N S E 1 2 0 , 0 0 0 1 2 0 , 0 0 0 0.0 
T O T A L E X P E N S E S 1 , 8 9 3 , 5 6 0 1 , 9 0 6 , 0 0 0 0.1 
N E T O P E R A T I N G P R O F I T 3 1 7 , 4 4 0 3 5 4 , 0 0 0 11.5 
I N T E R E S T E X P E N S E 1 0 , 2 4 0 1 4 , 0 0 0 3 6 . 7 
N E T I N C O M E B E F O R E T A X E S 3 0 7 , 2 0 0 3 4 0 , 0 0 0 1 0 . 7 
F E D E R A L I N C O M E T A X E S 1 5 3 , 6 0 0 1 7 0 , 0 0 0 1 0 . 7 
N E T I N C O M E A F T E R T A X E S 1 5 3 , 6 0 0 1 7 0 , 0 0 0 1 0 . 7 
C O N T R O L S U B S Y S T E M O U T P U T 
S T A T E M E N T O P F I N A N C I A L A N A L Y S I S 
D E C E M B E R 3 1 , 1 9 X X 
I N D U S T R Y A C T U A L P R O J E C T E D 
C U R R E N T R A T I O 2.8 2.2 2.4 
Q U I C K R A T I O 1.6 1.1 1.3 
L E V E R A G E .5 .5 .5 
T I M E S I N T E A R N E D 13.2 12.8 1 3 . 0 
I N V E N T O R Y T U R N O V E R 6.5 5.5 5.5 
A V E C O L L E C T I O N P E R I O D 4 0 D A Y S 4 8 D A Y S 4 6 D A Y S 
F I X E D A S S E T T U R N O V E R 1.6 1.5 1.6 
P R O F I T M A R G I N .05 .03 .05 
R E T U R N O N A S S E T S .06 .05 .05 
R E T U R N O N E Q U I T Y .15 .12 .12 
E A R N I N G S P E R S H A R E 3.00 2 . 5 0 3.00 
B O O K V A L U E P E R S H A R E 2 2 . 5 0 2 0 . 0 0 2 4 . 0 0 
36 
A f l o w c h a r t o f t h e p l a n n i n g s u b s y s t e m i s p r o v i d e d i n 
F i g u r e 2 . 6 . T h e u p p e r p o r t i o n o f t h i s c h a r t r e p r e s e n t s t h e s e r i e s 
o f m a n a g e m e n t a c t i o n s w h i c h a r e n e c e s s a r y b e f o r e e f f e c t i v e u s e c a n 
b e m a d e o f t h e c o m p u t e r m o d e l . T h e d e c i s i o n s a n d a s s u m p t i o n s t h a t 
a r e a r e s u l t o f t h i s p r o c e s s p r o v i d e t h e i n p u t t o t h e m o d e l , a s 
s h o w n i n t h e l o w e r p o r t i o n o f F i g u r e 2 . 6 . T h e i n p u t c h a r a c t e r i z a t i o n s 
p r o v i d e d i n t h e f l o w c h a r t a r e t h e e x t e n t t o w h i c h K i c k d e s c r i b e d 
m o d e l i n p u t . I t m a y b e i n f e r r e d f r o m t h e p u r e l y f i n a n c i a l o u t p u t 
o f t h e s u b s y s t e m t h a t t h e s e i n p u t s a r e c o m p o s e d o f p r o j e c t e d f l o w 
o f f i n a n c i a l r e s o u r c e s , a n d r e l a t e d i n f o r m a t i o n . T h e m o d e l i t s e l f 
i s a " . . . f i n a n c i a l s i m u l a t i o n o f t h e c o m p a n y , t h e p u r p o s e o f w h i c h 
i s t o p r o d u c e a s e t o f p r o f o r m a s t a t e m e n t s r e p r e s e n t i n g t h e s t a t u s 
o f t h e f i r m a t t h e e n d o f t h e p l a n n i n g p e r i o d . " 
T h e a u t h o r s u g g e s t s t h a t t h e m o d e l m a y b e r e - r u n w i t h d i f ­
f e r e n t i n p u t s i f t h e i n i t i a l r e s u l t s o f s i m u l a t i o n a r e u n s a t i s f a c t o r y . 
H e s t a t e s t h a t t o f a c i l i t a t e u s e o f m o d e l s o f t h i s t y p e b y s m a l l 
b u s i n e s s m e n , " r e g i o n a l d a t a p r o c e s s i n g c e n t e r s " s h o u l d b e e s t a b l i s h e d 
b y e i t h e r t h e S m a l l B u s i n e s s A d m i n i s t r a t i o n o r p r i v a t e o r g a n i z a t i o n s . 
M o d e l i n p u t c o u l d b e s e n t t o t h e s e c e n t e r s e i t h e r i n w r i t t e n f o r m 
o r i n m a c h i n e r e a d a b l e m e d i a , o r t h e m o d e l c o u l d b e a c c e s s e d v i a 
a r e m o t e t i m e - s h a r i n g t e r m i n a l . 
T h e a p p a r e n t f o r e r u n n e r o f t h e P P C S w a s t h e S m a l l B u s i n e s s 
I n f o r m a t i o n j S y s t e m ( S M A L B I S ) w h i c h w a s d e v e l o p e d b y K i c k a n d 
H - C C h e n [ 8 ] . T h e c h a r a c t e r i s t i c s o f t h i s m o d e l a r e e s s e n t i a l l y 
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Figure 2.6. Components of the Planning Process 
c h a r a c t e r i s t i c s f o u n d a t t h e e n d o f t h i s c h a p t e r . S M A L B I S i s 
c o m p o s e d o f t w o s u b s y s t e m s : t h e p l a n n i n g s u b s y s t e m a n d t h e 
r e p o r t i n g s u b s y s t e m . I t m a y e i t h e r b e o p e r a t e d i n t h e p l a n n i n g 
m o d e v i a t h e u s e o f f o r e c a s t e d d a t a , o r i n t h e a c c o u n t i n g 
s y s t e m m o d e . T h e l a t t e r m o d e i s u t i l i z e d b y i n p u t t i n g a c t u a l 
d a t a w h i c h i s u s e d i n t h e g e n e r a t i o n o f n o r m a l a c c o u n t i n g 
f o r m s . I n p u t t o t h e m o d e l c o n s i s t s o f : 
1) I n i t i a l v a l u e s f o r t h e f i n a n c i a l d a t a b a s e . 
2 ) D e f i n i t i o n s o f r o u t i n e a c c o u n t i n g t r a n s a c t i o n s . 
3 ) D e c i s i o n t a b l e s t o r e l a t e t r a n s a c t i o n s t o t h e 
d a t a b a s e . 
4 ) P r o j e c t e d o r a c t u a l t r a n s a c t i o n s ( d e p e n d i n g o n 
m o d e t o b e u s e d ) . 
I t e m s o n e t h r o u g h t h r e e a b o v e r e l a t e t o t h e k e y e l e m e n t s o f m o d e l 
s t r u c t u r e : t h e u s e o f t h e m a t r i x a c c o u n t i n g t e c h n i q u e . T h e d a t a 
b a s e i s o r g a n i z e d a s a m a t r i x , w i t h e a c h e l e m e n t o f t h e m a t r i x 
c o r r e s p o n d i n g t o a p a r t i c u l a r a c c o u n t ( o r o t h e r d a t a b a s e i t e m ) . 
T h i s s t r u c t u r e i s s h o w n i n F i g u r e 2 . 7 . E a c h i t e m i n t h e d a t a 
b a s e m a y b e a c c e s s e d b y a r o w a n d c o l u m n a d d r e s s . A t h i r d 
d i m e n s i o n i s a d d e d t o a l l o w f o r d a t a t o b e s t o r e d w h i c h c o r r e s p o n d s 
t o d i f f e r e n t y e a r s a s s h o w n i n F i g u r e 2 . 8 . 
I n d i v i d u a l t r a n s a c t i o n t y p e s a r e i d e n t i f i e d b y a c o d e a n d 
r e l a t e d t o t h e d a t a b a s e i t e m s b y a d e c i s i o n t a b l e w h i c h c o n t a i n s 
i n f o r m a t i o n r e g a r d i n g t h e a c c o u n t s w h i c h a r e a f f e c t e d b y e a c h 
t r a n s a c t i o n t y p e , a n d t h e s i g n a s s o c i a t e d w i t h t h i s e f f e c t . T h u s , 
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C O M M O N STOCK 
RETAINED EARNINGS 
INC. IN LONG-TERM DEBT 
SALE O F PROPERTY 
P A Y M E N T OF DEBT 
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DEPT. A REVENUES 
DEPT. A COST OF G O O D S SOLD 
DEPT. C COST O F G O O D S SOLD 
DEPT. C PAYROLL EXP. 
DEPT. C SUPPLIES 
DEPT. C EQUIPMENT 
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1 X 
F i g u r e 2 . 7 . M a t r i x D a t a B a s e C o n c e p t 
SALES 
COST O F G O O D S SOLD 
SELLING EXP. 
A D M . EXP. 
FED. TAXES 
C A S H 
ACCTS. REC. 
INVENTORIES 





C O M M O N STOCK 
RETAINED EARNINGS 
INC. IN LONG-TERM DEBT 
SALE O F PROPERTY 
P A Y M E N T O F DEBT 
INC. IN INVENTORIES 
DEPT. C REVENUES 
DEPT. C COST OF G O O D S SOLD 
DEPT. C PAYROLL EXP. 
DEPT. C SUPPLIES 
DEPT. C EQUIPMENT 
F i g u r e 2 . 8 . E x p a n d e d M a t r i x D a t a B a s e C o n c e p t 
o n c e a t r a n s a c t i o n h a s b e e n i d e n t i f i e d b y a c o d e , o n l y t w o 
p i e c e s o f i n f o r m a t i o n a r e r e q u i r e d t o u p d a t e t h e d a t a b a s e . 
A d d i t i o n a l d a t a r e g a r d i n g t r a n s a c t i o n d a t e a n d r e f e r e n c e w o u l d 
b e n e e d e d f o r a c c o u n t i n g a n d r e p o r t i n g p u r p o s e s . 
T h i s u p d a t i n g p r o c e s s i s i l l u s t r a t e d i n F i g u r e 2 . 9 . A 
c a s h s a l e i n c r e a s e s t h e S a l e s r o w i n t h e R e v e n u e a n d E x p e n s e 
c o l u m n , N e t I n c o m e i n t h e F u n d s c o l u m n , a n d R e v e n u e f o r D e p a r t m e n t 
C i n t h e B u d g e t c o l u m n . S i m i l a r u p d a t i n g a c t i v i t i e s , a s d i c t a t e d 
b y t h e i n p u t d e c i s i o n t a b l e s , a r e s h o w n f o r a p u r c h a s e o n a c c o u n t 
a n d a b a n k l o a n . N o r m a l d o u b l e e n t r y m e t h o d s a r e u s e d t o h a n d l e 
s p e c i a l t r a n s a c t i o n s n o t i n c l u d e d i n t h e t a b l e s . 
T h e m o d e l i s r u n i n t h e p l a n n i n g m o d e ( u s i n g f o r e c a s t e d 
t r a n s a c t i o n s ) i n a n i t e r a t i v e f a s h i o n u n t i l a s a t i s f a c t o r y s c e n a r i o 
i s c r e a t e d . T h e s e f o r e c a s t s t h e n a r e i n c o r p o r a t e d i n t o t h e d a t a 
b a s e i n t h e f o r m o f m o n t h l y d a t a o n t h e u p c o m i n g y e a r . D u r i n g 
t h i s n e x t y e a r t h e m o d e l m a y b e r u n i n t h e a c c o u n t i n g m o d e , u s i n g 
t h e f o r e c a s t s f r o m t h e p r e v i o u s y e a r a n d t r a n s a c t i o n s i n t h e 
c u r r e n t y e a r t o g e n e r a t e v a r i o u s e x c e p t i o n r e p o r t s a n d f i n a n c i a l 
s t a t e m e n t s . T h i s i n f o r m a t i o n i s v e r y u s e f u l f o r c o n t r o l p u r p o s e s . 
T h e o p e r a t i o n s o f a s m a l l m a c h i n e t o o l m a n u f a c t u r i n g f i r m 
h a v e b e e n m o d e l e d b y D e s J a r d i n s a n d L e e [ 1 3 ] . T h e f i r m , w h i c h h a s 
a n n u a l s a l e s o f a b o u t $ 1 2 m i l l i o n , p r o d u c e s t e n b a s i c m o d e l s o f 
m a c h i n e t o o l s . T h e m a j o r i t y o f t h e o r d e r s i t r e c e i v e s c a l l f o r 
s p e c i a l m o d i f i c a t i o n s o f o n e o f t h e s e m o d e l s . B e c a u s e o f t h i s , 
t h e p r o d u c t i o n p r o c e s s c o n s i s t s o f a j o b s h o p w h i c h p r o d u c e s 
F i g u r e 2 . 9 . T r a n s a c t i o n s - D a t a B a s e C o n c e p t 
p a r t s f o r i n v e n t o r y , a n d a n a s s e m b l y o p e r a t i o n w h i c h a s s e m b l e s 
t o o l s f o r c u s t o m e r s p e c i f i c a t i o n s . 
T h e f l o w o f m a t e r i a l i n t h e f i r m i s i l l u s t r a t e d s c h e m a t i c a l l y 
i n F i g u r e 2.10. I n c o m i n g r a w m a t e r i a l s a r e i n s p e c t e d a n d p l a c e d 
i n s t o r a g e . T h e y t h e n g o t h r o u g h t h e m a n u f a c t u r i n g p r o c e s s , w h i c h 
c o n s i s t s o f f i v e m a c h i n e c e n t e r s a n d a n i n s p e c t i o n o p e r a t i o n . E a c h 
p a r t m u s t g o t h r o u g h o n e o r m o r e o p e r a t i o n s , a n d a l l p a r t s m u s t 
p a s s t h r o u g h i n s p e c t i o n . O n c e a p a r t h a s b e e n i n s p e c t e d , i t i s 
p l a c e d i n a f i n i s h e d p a r t s s t o r a g e a r e a . F o r t h e a s s e m b l y o p e r a t i o n , 
p a r t s a r e m o v e d t o t h e a s s e m b l y a r e a , w h e r e t h e y a r e a s s e m b l e d , 
t e s t e d , a n d p l a c e d i n f i n i s h e d g o o d s s t o r a g e t o a w a i t s h i p m e n t . 
F o r p u r p o s e s o f m o d e l i n g , t h e f i r m w a s c o n s i d e r e d t o b e a 
s e t o f m o d u l e s s t r u c t u r e d i n t o a n " O p e r a t i o n a l S y s t e m . " T h e 
O p e r a t i o n a l S y s t e m i s c o m p o s e d o f f o u r s u b s y s t e m s : t h e M a t e r i a l s 
S y s t e m , t h e M a n p o w e r S y s t e m , t h e F i n a n c i a l S y s t e m , a n d t h e C a p i t a l 
E q u i p m e n t S y s t e m . E a c h s u b s y s t e m i s i n t u r n c o m p o s e d o f s e v e r a l 
m o d u l e s w h i c h r e p r e s e n t s p e c i f i c f u n c t i o n s o r t a s k s w i t h i n t h e 
f i r m . T h i s g e n e r a l m o d e l s t r u c t u r e i s i l l u s t r a t e d i n F i g u r e 2.11. 
T h i s m o d u l a r s t r u c t u r e t r e a t s t h e i n t e r d e p e n d e n c i e s b e t w e e n 
f u n c t i o n s , a l t h o u g h t h i s i s n o t s h o w n i n t h e F i g u r e . T h e 
u n d e r l y i n g m o d e o f m o d e l o p e r a t i o n i s t o " . . . s i m u l a t e t h e 
p h y s i c a l f l o w o f m a t e r i a l s , c a s h , a n d i n f o r m a t i o n w i t h i n t h e 
f i r m . " T h i s a t t e n t i o n t o t h e d e t a i l s o f t h e a c t u a l o p e r a t i o n o f 
t h e f i r m c a n b e s t b e i l l u s t r a t e d b y c l o s e r e x a m i n a t i o n o f o n e o f 
t h e m o d e l s u b s y s t e m s . T h e M a t e r i a l s S y s t e m i s s e l e c t e d f o r t h i s 
Figure 2 .10 . Materials Flow 
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1+6 
p u r p o s e b e c a u s e o f i t s p a r t i c u l a r r e l e v a n c e t o t h e p r e s e n t 
t h e s i s w o r k . 
T h e M a t e r i a l s S y s t e m , a s m o d e l e d , r e p r e s e n t s t h e n e t w o r k 
o f m a t e r i a l f l o w t h r o u g h t h e p r o d u c t i o n p r o c e s s . I n c l u d e d i n 
i t a r e t h e F i n i s h e d G o o d s , P r o d u c t i o n , a n d Raw M a t e r i a l s m o d u l e s . 
T h e f u n c t i o n s c o n t a i n e d i n e a c h o f t h e s e s y s t e m m o d u l e s a r e 
s h o w n i n F i g u r e 2 . 1 1 . 
A f l o w c h a r t o f t h e f i n i s h e d g o o d s s y s t e m i s g i v e n i n 
F i g u r e 2 . 1 2 . T h e w o r k i n g s o f t h i s m o d u l e a r e d e s c r i b e d b e l o w . 
T h e p r o c e s s i s b e g u n w i t h t h e r e c e i p t o f a n e w o r d e r f r o m 
a d i s t r i c t s a l e s o f f i c e . I f t h e o r d e r r e q u i r e s e n g i n e e r i n g 
d e s i g n o r i n t e r p r e t a t i o n , i t i s r o u t e d t o t h e p r o d u c t d e s i g n 
g r o u p . W h e n p r i c i n g a n d s c h e d u l i n g i s c o m p l e t e d , a 
c o n f i r m a t i o n o f t h e o r d e r i s s e n t t o t h e d i s t r i c t s a l e s o f f i c e . 
T h e s a l e s s t a t i s t i c s g r o u p p r o v i d e s t o t h e f i n i s h e d g o o d s 
c o n t r o l f u n c t i o n s h o r t t e r m f o r e c a s t s b a s e d o n s a l e s h i s t o r y , 
o n r a w f o r e c a s t s f r o m t h e d i s t r i c t s a l e s o f f i c e s , a n d o n 
p r e d e t e r m i n e d f o r e c a s t i n g p a r a m e t e r s . T h e f i n i s h e d g o o d s 
c o n t r o l g r o u p t h e n c o m b i n e s t h e s e f o r e c a s t s w i t h a c t u a l 
o r d e r s a l r e a d y e n t e r e d a n d p r o v i d e s t o p r o d u c t i o n s c h e d u l i n g 
t h e r e q u i r e m e n t s . I n t u r n , t h e y r e c e i v e f r o m p r o d u c t i o n 
s c h e d u l i n g t h e a c t u a l s c h e d u l e s o f p r o d u c t i o n w h i c h c a n b e 
u s e d t o s c h e d u l e f u t u r e o r d e r s a n d t o a n s w e r i n q u i r i e s a b o u t 
p r o d u c t a v a i l a b i l i t y . A t t h e s c h e d u l e d s h i p p i n g d a t e , i f 
t h e p r o d u c t i s a v a i l a b l e , s h i p p i n g i n s t r u c t i o n s a r e s e n t t o 
t h e d i s t r i b u t i o n c o n t r o l f u n c t i o n w h i c h , i n t u r n , s h i p s t h e 
p r o d u c t a n d s e n d s s h i p p i n g p a p e r s f o r b i l l i n g . 
T h e n e w o r d e r g e n e r a t i o n p r o c e s s i s s t o c h a s t i c , a n d s i m u l a t e s 
( 1 ) t h e n u m b e r o f o r d e r s a r r i v i n g e a c h m o n t h , a n d ( 2 ) f o r e a c h o r d e r , 
t h e i t e m o r d e r e d , t h e o r d e r q u a n t i t y , a n d t h e r e q u e s t e d d e l i v e r y 
d a t e . T h e s i z e o f t h e q u e u e o f o r d e r s w a i t i n g t o b e f i l l e d i s a 
r e s u l t o f t h e s y s t e m c a p a c i t y , t h e v o l u m e o f o r d e r s , a n d t h e 
s t o c h a s t i c a l l y a s s i g n e d p r o c e s s i n g t i m e a s s o c i a t e d w i t h e a c h i n ­
c o m i n g o r d e r . T h e r e m a i n d e r o f t h e f i n i s h e d g o o d s m o d u l e i s c o m p o s e d 
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Figure 2.12. Finished Goods System 
o f d e t e r m i n i s t i c q u a n t i t i e s . 
T h e a c t i v i t i e s o f t h e p r o d u c t i o n m o d u l e ( F i g u r e 2 . 1 3 ) a r e 
i n i t i a t e d b y r e c e i p t o f p r o d u c t r e q u i r e m e n t s f r o m t h e f i n i s h e d 
g o o d s m o d u l e . B a s e d o n t h e s e r e q u i r e m e n t s , p r o d u c t a s s e m b l y a n d 
p a r t s p r o d u c t s a r e p l a n n e d , a n d r a w m a t e r i a l s r e q u i r e m e n t s a r e 
d e t e r m i n e d . R e q u e s t s f o r r a w m a t e r i a l s go t o t h e r a w m a t e r i a l s 
a n d i n v e n t o r y c o n t r o l f u n c t i o n . P a r t s p r o d u c t i o n a n d p r o d u c t 
a s s e m b l y r e q u i r e m e n t s a r e s e n t t o t h e j o b c o n t r o l f u n c t i o n i n t h e 
f o r m o f s h o p o r d e r s o r a s s e m b l y o r d e r s . 
T h e r e i s a q u e u e a s s o c i a t e d w i t h e a c h o p e r a t i o n i n t h e 
p r o d u c t i o n p r o c e s s . T h e t i m e t h a t a g i v e n j o b r e m a i n s i n t h e 
q u e u e d e p e n d s o n t h e c a p a c i t y o f t h e o p e r a t i o n , t h e p r i o r i t y 
a s s o c i a t e d w i t h t h e j o b , a n d t h e p r o c e s s i n g t i m e s o f t h e j o b s 
a h e a d o f i t i n t h e q u e u e . T h e j o b c o n t r o l f u n c t i o n s c r e a t e s 
j o b o r d e r s , w h i c h a c t t o p u t r e q u i s i t e r a w m a t e r i a l s i n t o 
p r o d u c t i o n , a n d r e m a i n w i t h t h e p a r t t h r o u g h o u t p r o c e s s i n g . 
U p o n c o m p l e t i o n o f t h e i n s p e c t i o n o p e r a t i o n , t h e p a r t i s p l a c e d 
i n s t o r a g e a n d t h e c o m p l e t e d j o b o r d e r i s u s e d t o s i g n a l t h e 
c l o s i n g o f t h e o p e n j o b o r d e r f i l e . 
T h e f i n i s h e d m a c h i n e t o o l s w h i c h n e e d t o b e a s s e m b l e d , a n d 
t h u s t h e p a r t s n e e d e d f o r a s s e m b l y a r e d e t e r m i n e d i n t h e f i n i s h e d 
g o o d s m o d u l e . H o w e v e r , d u e t o l i m i t a t i o n s o n a v a i l a b i l i t y o f 
s p e c i f i c p a r t s a n d t h e p o s s i b i l i t y t h a t f i n i s h e d g o o d d e m a n d m a y 
e x c e e d a s s e m b l y c a p a c i t y , a s s e m b l y o f a l l d e s i r e d i t e m s m a y n o t 
b e p o s s i b l e . F o r t h i s r e a s o n a l i n e a r p r o g r a m m i n g r o u t i n e i s u s e d 
finnt jjeyouta J 
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Figure 2.13. Production System 
t o d e t e r m i n e w h i c h t o o l s w i l l b e a s s e m b l e d i n a g i v e n m o n t h . 
T h e a c t u a l t i m e r e q u i r e d f o r a s s e m b l y i s a s t o c h a s t i c v a r i a b l e , 
a n d t h e r e e x i s t s a q u e u e o f o r d e r s w a i t i n g f o r a s s e m b l y . 
D u r i n g t h e p r o c e s s i n g o f e a c h o r d e r , d a t a i s k e p t o n t h e 
t i m e r e q u i r e d f o r e a c h o p e r a t i o n p e r f o r m e d . T h i s i n f o r m a t i o n 
i s u s e d t o m o n i t o r j o b s t a t u s , a n d f o r l a b o r a c c o u n t i n g a n d 
d e t e r m i n a t i o n o f i n c e n t i v e e a r n i n g s . 
T h e Raw M a t e r i a l s S y s t e m i s f l o w c h a r t e d i n F i g u r e 2 . 1 4 . 
M a t e r i a l s r e q u i r e m e n t s a r e d e t e r m i n e d i n t h e p r o d u c t i o n s c h e d u l i n g 
f u n c t i o n a n d c o m m u n i c a t e d t o r a w m a t e r i a l s i n v e n t o r y c o n t r o l . 
T h i s f u n c t i o n c o m p a r e s t h e s e r e q u i r e m e n t s w i t h t h e e x t a n t 
i n v e n t o r y p o s i t i o n a n d c o m p u t e s q u a n t i t i e s a n d d e l i v e r y d a t e s 
f o r n e e d e d p u r c h a s e s . R e c e i p t s o f r a w m a t e r i a l s a r e h a n d l e d 
b y t h e d i s t r i b u t i o n f u n c t i o n w h i c h c l o s e s o u t o p e n p u r c h a s e 
o r d e r f i l e s a n d u p d a t e s r a w m a t e r i a l s i n v e n t o r y r e c o r d s . 
A s i s e v i d e n t f r o m t h e f o r e g o i n g p r e s e n t a t i o n , t h e M a t e r i a l s 
S y s t e m c o n s i s t s o f a p r e c i s e s i m u l a t i o n o f t h e f l o w o f i n d i v i d u a l 
o r d e r s t h r o u g h t h e f i r m . T h e g e n e r a t i o n o f d e m a n d i s p r e s u m a b l y 
m o d e l e d w i t h s t o c h a s t i c p r o c e s s e s b a s e d o n h i s t o r i c d a t a a n d 
m a n a g e m e n t j u d g e m e n t . P r o d u c t i v e c a p a c i t y a n d t h e a s s o c i a t e d 
l e v e l o f s t a f f i n g m a y b e a d j u s t e d d u r i n g a r u n b y t h e C a p i t a l 
E q u i p m e n t S y s t e m . T h e M a n p o w e r S y s t e m i s s i m p l y a r e c o r d k e e p i n g 
f u n c t i o n w h i c h d e t e r m i n e s t h e v a r i o u s k i n d s o f c o m p e n s a t i o n t o 
b e r e c e i v e d b y e a c h e m p l o y e e a n d m a i n t a i n s c u r r e n t d a t a r e g a r d i n g 
e a c h e m p l o y e e . 
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Figure 2.14. Raw Materials System 
52 
p r o c e s s e d b y t h e a c c o u n t i n g m o d u l e o f t h e F i n a n c i a l S y s t e m . C a s h 
c o n t r o l i s p e r f o r m e d b y t h e t r e a s u r y m o d u l e , w i t h t h e d e t e r m i n a t i o n 
o f f u n d s r e q u i r e m e n t s a n d s o u r c e s b e i n g c a r r i e d o u t i n t h e f i n a n c i a l 
p l a n n i n g s y s t e m . 
T h e m o d e l h a s b e e n f o u n d b y D e s J a r d i n s a n d L e e t o b e u s e f u l 
i n f o u r s p e c i f i c s i t u a t i o n s : 
1 ) C a p a c i t y P l a n n i n g — t i m i n g o f p l a n t e x p a n s i o n a n d c a p i t a l 
e q u i p m e n t p u r c h a s e . 
2 ) B u d g e t i n g — t e s t i n g a l t e r n a t i v e b u d g e t s f o r t h e c o m i n g 
y e a r s . 
3 ) I n v e n t o r y P l a n n i n g — t e s t i n g a l t e r n a t i v e s t r a t e g i e s f o r 
r e d u c i n g i n v e n t o r y . 
4 ) A g g r e g a t e P r o d u c t i o n P l a n n i n g — p l a n n i n g a g g r e g a t e 
l e v e l s o f w o r k f o r c e a n d p r o d u c t i o n . 
I n a l l o f t h e s e i n s t a n c e s , t h e common p r o b l e m , a n d h e n c e a n 
i n d i c a t o r o f m o d e l u s e f u l n e s s , h a s b e e n t h e i n t e r r e l a t i o n s h i p s 
w h i c h e x i s t a m o n g i n d e p e n d e n t v a r i a b l e s a n d t h e i r e f f e c t o n p r o f i t . 
2 . 6 M a n u f a c t u r i n g C o m p a n y M o d e l s 
A s y s t e m s a p p r o a c h i s t a k e n i n t h e d e s i g n o f a l i n e a r 
( p r o g r a m m i n g ) p l a n n i n g m o d e l b y B a k e r a n d Damon [ 1 ] . T h e y s e e k 
t o t r e a t t h e c o m p a n y a n d i t s a c t i v i t i e s a s a s i n g l e e n t i t y 
c o m p r i s i n g a s i n g l e s e t o f c o m p o n e n t p a r t s . T h i s d i f f e r s f r o m 
o t h e r a p p r o a c h e s b y o t h e r a u t h o r s i n t h a t t h e y a r e t y p i c a l l y 
d e l i n e a t e d a l o n g f u n c t i o n a l l i n e s . A s i n a r e a l - w o r l d b u s i n e s s 
s i t u a t i o n , f u n c t i o n i n g o f a w h o l e - c o m p a n y m o d e l i s u s u a l l y 
achieved via interaction between model components along specified 
channels of communication. Satisfactory global solutions are 
determined subsequent to iteration between model components 
along specified channels of communication. Satisfactory global 
solutions are determined subsequent to iteration between model 
components. As an example, we look at linear formulations of 
models for determining production plans and levels of working 
capital. 
Several varying models of aggregate planning of production 
output for a firm facing seasonal demand have been put forth 
and are cited by Baker and Damon. They present a synthesis of 
these formulations which embodies the principle elements of the 
approaches taken. This linear formulation is presented below, 
with the underlying assumptions and variable descriptions 
appearing in Table 2.3. 
N 
Minimize Y (pWF + cRP + (c+o) OP + hIN,. + aH + bF J ^ t t t t t t 
s.t. 
IN = IN + RP + OP - S t e [1,N] t t-1 t t t 
WF - WF = H - F t e [1,N] t t-1 t t 
R P t <_ a W F t t e [1,N] 
0 P t <_ g W F t t e [1,N] 
5h 
T a b l e 2 . 3 A g g r e g a t e P r o d u c t i o n P l a n n i n g M o d e l 
ASSUMPTIONS 
1 . T h e p r o d u c t l i n e i s s u f f i c i e n t l y h o m o g e n e o u s s o t h a t 
a g g r e g a t e p l a n n i n g r e a s o n a b l y c a n i g n o r e d i f f e r e n c e s 
a m o n g p r o d u c t s . 
2 . S a l e s f o r e c a s t s a r e r e l i a b l e . T h e f i r m ' s p o l i c y i s 
t o m e e t a l l d e m a n d w i t h o u t b a c k l o g g i n g . 
3 . E q u i p m e n t a n d t e c h n o l o g y a r e t h e l i m i t i n g f a c t o r s i n 
d e t e r m i n i n g p r o d u c t i o n o u t p u t s a t n o r m a l w o r k f o r c e 
l e v e l s . T h e l a b o r m a r k e t i s p e r f e c t l y c o m p e t i t i v e 
i n t h e r e l e v a n t r a n g e . 
D e c i s i o n V a r i a b l e s : 
- w o r k f o r c e l e v e l d u r i n g m o n t h t ( W F t ) 
- r e g u l a r t i m e p r o d u c t i o n o u t p u t , i n d o l l a r s , i n 
m o n t h t ( R P t ) 
- o v e r t i m e p r o d u c t i o n o u t p u t , i n d o l l a r s , i n m o n t h 
- i n v e n t o r y l e v e l , i n d o l l a r s , a t t h e e n d o f m o n t h 
V A R I A B L E S 
t ( 0 P t ) 
t ( I N t ) 
- e m p l o y e e s 
- e m p l o y e e s h i r e d a t t h e s t a r t o f m o n t h t (H^.) 
f i r e d a t t h e s t a r t o f m o n t h t (F^.) 
MODEL PARAMETERS 
- m o n t h i n d e x ( t = l , 2 , . . . , N ) 
- d o l l a r s a l e s i n m o n t h t (S ) 
- t e c h n o l o g i c a l l i m i t o n w o r k f o r c e s i z e (m) 
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- p r o d u c t i v i t y i n d o l l a r s o f o u t p u t p e r e m p l o y e e p e r m o n t h 
( a ) 
- o v e r t i m e p r o d u c t i v i t y i n d o l l a r s o f o u t p u t p e r e m p l o y e e 
p e r m o n t h ( £ ) 
COST COMPONENTS 
- r e g u l a r t i m e m o n t h l y p a y r o l l c o s t p e r e m p l o y e e ( p ) 
- n o n l a b o r p r o d u c t i o n c o s t p e r o u t p u t d o l l a r ( c ) 
- o v e r t i m e p a y r o l l c o s t p e r o u t p u t d o l l a r ( o ) 
- o u t - o f - p o c k e t i n v e n t o r y h o l d i n g c o s t p e r d o l l a r p e r m o n t h 
( h ) 
- h i r i n g c o s t p e r e m p l o y e e ( a ) 
- f i r i n g c o s t p e r e m p l o y e e ( b ) 
p r o d u c t i o n a n d s a l e s p l a n s p r o v i d e h o m o g e n e o u s i n p u t s t o t h e p r o -
f o r m a s t a t e m e n t s . U n d e r t h e a s s u m p t i o n s l i s t e d a b o v e , e n d - o f - m o n t h 
p a y a b l e s c o r r e s p o n d t o n o n l a b o r c o s t s o f p r o d u c t i o n i n t h e m o n t h . 
A n e x p r e s s i o n f o r t h e a c c o u n t i n g i d e n t i t y w h i c h r e l a t e s t h e r i g h t 
a n d l e f t s i d e o f t h e b a l a n c e s h e e t i s 
CA + AR + I N + PE = AP + LO + AT + SE + RE ( 2 - 4 ) 
t t t t t t t t t v / 
I n t h i s e x p r e s s i o n , l o a n o u t s t a n d i n g i s d e r i v e d a s t h e b a l a n c i n g 
e q u i p m e n t . T h e o t h e r v a r i a b l e s a r e f i r s t p r e d i c t e d , a n d t h e n t h e 
l o a n a m o u n t r e q u i r e d t o a c h i e v e b a l a n c e i s c o m p u t e d . I f t h e r e q u i r e d 
l o a n i s p r o h i b i t i v e , r e f o r m u l a t i o n o f t h e o t h e r c o m p o n e n t s o f t h e 
w h e r e 
0 < W F < m a n d R P , O P , I N , N . . , F. > 0 
— t — t t t t ' t — 
G i v e n a s a l e s f o r e c a s t ( S t ) a n d i n i t i a l w o r k f o r c e a n d 
i n v e n t o r y l e v e l s ( W F q a n d I N q ) , s o l u t i o n o f t h e l i n e a r p r o g r a m 
p r o d u c e s a s e t o f l e v e l s f o r r e g u l a r t i m e a n d o v e r t i m e o u t p u t s , 
m o n t h l y i n v e n t o r y , a n d w o r k f o r c e " ' " . I n a r e a l w o r l d s e t t i n g , 
t h e s e o u t p u t s w o u l d b e t r a n s m i t t e d t o f i n a n c e d e p a r t m e n t 
p e r s o n n e l w h o w o u l d c r e a t e b u d g e t s a n d s c h e d u l e s n e e d e d f o r 
p l a n n i n g o f o p e r a t i o n s . C a s h m a n a g e m e n t a n d d e t e r m i n a t i o n o f 
w o r k i n g c a p i t a l n e e d s w o u l d e v o l v e s h o r t - t e r m b o r r o w i n g a n d 
c r e d i t l i n e d e t e r m i n a t i o n . I t may o c c u r t h a t , d u e t o f a c t o r s 
i n t h e f i r m s e x t e r n a l e n v i r o n m e n t , t h e o p t i m a l p r o d u c t i o n p l a n 
i s p r o v e n i n f e a s i b l e a n d a d j u s t m e n t s o f f i n a n c i n g a n d 
p r o d u c t i o n m u s t t a k e p l a c e i n a n i t e r a t i v e f a s h i o n . 
I f we v i e w t h e d e t e r m i n a t i o n o f w o r k i n g c a p i t a l a n d s h o r t -
t e r m c r e d i t f r o m t h e p o i n t o f v i e w o f t h e c a s h m a n a g e r , we n e e d 
t o c o n s t r u c t p r o f o r m a i n c o m e s t a t e m e n t s a n d b a l a n c e s h e e t s . T h e 
a s s u m p t i o n s u n d e r l y i n g t h i s c o n s t r u c t i o n a n d t h e v a r i a b l e 
d e f i n i t i o n s u s e d a r e s h o w n i n T a b l e 2 . 4 . I n a d d i t i o n , n e t c a s h 
f l o w s a r e u s e d a s t h e b a s i s f o r i n c o m e t a x c o m p u t a t i o n . I f w e 
m e a s u r e p r o d u c t i o n o u t p u t i n u n i t s o f s a l e s d o l l a r s , t h e n t h e 
1 
T h e m o d e l a s s u m e s h o m o g e n e i t y o f l a b o r ( i m p l i c i t i n t h e p e r f e c t l y 
c o m p e t i t i v e l a b o r m a r k e t a s s u m p t i o n ) . I t c o u l d b e e x t e n d e d t o 
a c c o m m o d a t e d i f f e r i n g l a b o r t y p e s , j , j = l , 2 , . . . , J b y a d d i n g t o 
t h e d i m e n s i o n a l i t y o f c e r t a i n v a r i a b l e s : W ^ j f N ' t ' F j t ' a j > 
P 4 , o . , a . , a n d b . . J 
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ASSUMPTIONS 
1 . A l l p a y a b l e s a n d r e c e i v a b l e s a r e p a i d o f f w i t h i n t h e 
f o l l o w i n g m o n t h ( i . e . , w i t h a s c r u p u l o u s a d h e r e n c e 
t o p a y m e n t t e r m s o f n e t 3 0 d a y s ) . 
2 . T h e f i r m h a s n o m a r k e t a b l e s e c u r i t i e s a n d g e n e r a l l y 
i g n o r e s s h o r t - t e r m i n v e s t m e n t o p p o r t u n i t i e s . 
3 . I n t e r e s t p a y m e n t s o n t h e l o a n o u t s t a n d i n g a r e m a d e a t 
t h e e n d o f t h e m o n t h . T h e m o n t h l y i n t e r e s t r a t e i s 
d e n o t e d _ i . 
4 . T a x e s a r e p a i d a t t h e e n d o f t h e y e a r o n n e t i n c o m e . 
T h e c o r p o r a t e t a x r a t e i s d e n o t e d r . 
V A R I A B L E S 
N e t I n c o m e 
- S a l e s ( S ) 
- C o s t o f G o o d s S o l d (CGS) 
- F i x e d O v e r h e a d C h a r g e s (OH) 
- G r o s s P r o f i t ( G P = S - C G S - 0 H ) 
- T a x e s ( T X = r G P ) 
- N e t E a r n i n g s ( N E = G P - T X = ( l - r ) G P ) 
B a l a n c e S h e e t 
A s s e t s 
C a s h ( C A ) 
A c c o u n t s R e c e i v a b l e ( A R ) 
I n v e n t o r y ( I N ) 
P l a n t a n d E q u i p m e n t ( P E ) 
L i a b i l i t i e s 
A c c o u n t s P a y a b l e ( A P ) 
L o a n s O u t s t a n d i n g ( L O ) 
A c c r u e d T a x e s ( A T ) 
S t o c k h o l d e r ' s E q u i t y ( S E ) 
R e t a i n e d E a r n i n g s ( R E ) 
b a l a n c e s h e e t , a n d h e n c e t h e a c t i v i t i e s f r o m w h i c h t h e y r e s u l t 
m u s t b e e f f e c t e d . 
B a k e r a n d Damon s u g g e s t a f o r m u l a t i o n t h a t c a p t u r e s t h e 
i n t e r d e p e n d e n c e o f t h e s e t w o p l a n n i n g f u n c t i o n s i n a s i n g l e s e t 
o f e q u a t i o n s . T h i s s i m u l t a n e o u s m o d e l i s l i n e a r , d u e t o t h e 
a s s u m p t i o n s u s e d i n c o n s t r u c t i o n o f t h e p r o d u c t i o n p l a n n i n g 
e q u a t i o n s , a n d t h e i n h e r e n t l i n e a r i t y o f t h e c a s h p l a n n i n g 
r e l a t i o n s h i p s . S e p a r a t i n g t h e c o m p o n e n t s o f p r o d u c t i o n c o s t , 
t h e n e t c a s h f l o w s f r o m o p e r a t i o n s i n m o n t h t i s 
CF. = AR - AP - pWF^ - oOP_ - h I N - i L ( X - a H _ - b F _ - OIL 
t t - 1 t - 1 r t t t t t t t 
w h e r e u n d e r t h e a s s u m p t i o n s a b o u t t h e p l a n n i n g e n v i r o n m e n t , 
^ t - i = V i a n d " t - i = c ( R P t - i + ^ t - P 
S i n c e t h e c a s h p o s i t i o n o f t h e f i r m i s a f f e c t e d b y c a s h f l o w a s w e l l 
a s c h a n g e i n t h e l o a n a m o u n t , w e c a n w r i t e 
C A t - CA = C F t + ( L 0 t - L 0 t _ 1 ) ( 2 - 5 ) 
T h e a u t h o r s m a k e t h e a s s u m p t i o n t h a t t h e f i r m m a i n t a i n s a 
c o n s t a n t p r o d u c t i o n f u n c t i o n b y e x a c t l y r e p l a c i n g d e p r e c i a t e d 
e q u i p m e n t w i t h n e w e q u i p m e n t , a n d t h u s a c h i e v e c o r r e c t v a l u e s o f 
a l l i n c o m e s t a t e m e n t s a n d b a l a n c e s h e e t e n t r i e s w i t h o u t e x p l i c i t l y 
t r e a t i n g d e p r e c i a t i o n s . T h e m o n t h l y i n c r e m e n t i n a c c r u e d t a x e s 
c a n t h e n b e m o d e l e d a s 
A T t - A T t _ 1 = r C F t = r ( C A - C A ^ - L 0 t + L 0 t _ 1 ) ( 2 - 6 ) 
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B y a d d i n g r e l a t i o n s h i p s ( 2 - 4 ) , ( 2 - 5 ) , a n d ( 2 - 6 ) ( a f t e r s u b ­
s t i t u t i o n s n o t e d a b o v e ) , t o t h e p r o d u c t i o n p l a n n i n g m o d e l 
d e s c r i b e d e a r l i e r , t h e s i n g l e m o d e l i s c o n s t r u c t e d a s s h o w n 
b e l o w . T h e c r i t e r i o n u s e d i s m a x i m i z i n g t h e n e t p r o f i t o f t h e f i r m * 
a s r e p r e s e n t e d b y t h e m a x i m i z a t i o n o f r e t a i n e d e a r n i n g s i n t h e 
l a s t m o n t h o f t h e p l a n n i n g p e r i o d , R E ^ . 
C r i t e r i o n 
M a x i m i z e RE X T N 
P r o d u c t i o n C o n s t r a i n t s 
I N t - I N t _ 1 - R P t - 0 P t + S t = 0 
W F t - W F t _ 1 - H t + Ffc = 0 
R P t - a W F t <_ 0 
0 P t - $ W F t <_ 0 
F i n a n c i a l C o n s t r a i n t s 
C A t - C A t _ 1 - S t _ 1 + c R P t _ 1 + c O P t _ 1 + p W F t + oOP.. + h I N . . 
- ( 1 - i ) L 0 t + L 0 t + a H t + b F t + 0 H t = 0 
AT - AT , - r C A ^ + r C A ^ , + r L C L - r L O , = 0 
t t - 1 t t - 1 t t - 1 
CA.. + S + I N + PE - cRE> - cOP^. - LO^ - AT - SE - RE. = 0 
t t t t t t t t 
B o u n d s o n D e c i s i o n V a r i a b l e s 
0 <_ W F t <_ m 
0 <_ LO <_ % 
I f i t i s a s s u m e d t h a t t a x e s a r e p a i d o n l y o n c e , a t t h e e n d o f t h e 
p l a n n i n g p e r i o d , a n d t h a t t h e r e i s a m i n i m u m c a s h a m o u n t , L , r e q u i r e d 
a s a b u f f e r s t o c k , t h e n 
CA - L > 0 
t — 
a n d 
% - A T N - L > 0 
F i n a l l y , 
AT , RE,, u n r e s t r i c t e d , 
t t * 
a n d a l l o t h e r v a r i a b l e s >_ 0 
T h e b o u n d p l a c e d o n w o r k f o r c e s i z e i s a l i m i t a t i o n b a s e d o n t h e 
c a p a c i t y o f e x t a n t p l a n t a n d e q u i p m e n t . R e l a x a t i o n o f t h i s b o u n d 
v i a p a r a m e t r i c a n a l y s i s w o u l d b e u s e f u l i n e v a l u a t i n g t h e e c o n o m i c 
v a l u e o f e x p a n s i o n o f f a c i l i t i e s , a t l e a s t i n t e r m s o f t h e i m p a c t 
o n c u r r e n t y e a r p r o f i t s . S i m i l a r l y , s e n s i t i v i t y a n a l y s i s c o u l d 
b e u s e d t o e v a l u a t e t h e d e s i r a b i l i t y o f e x p a n s i o n o f e x i s t i n g 
c r e d i t l i m i t s . I n c a s e s w h e r e e i t h e r o f t h e s e c o n s t r a i n t s a r e 
b i n d i n g , e x a m i n a t i o n o f s h a d o w p r i c e s a s s o c i a t e d w i t h t h e s e 
c o n s t r a i n t s w o u l d r e v e a l t h e m a r g i n a l i n c r e a s e i n r e t a i n e d 
e a r n i n g s r e s u l t i n g f r o m a u n i t c o n s t r a i n t r e l a t i o n . T h u s t h e 
a d v i s a b i l i t y o f b o r r o w i n g f o r e x p a n s i o n o f f a c i l i t i e s a n d / o r 
w o r k i n g c a p i t a l c o u l d b e d e t e r m i n e d v i a c o m p a r i s o n o f t h e s e 
m a r g i n a l r e t u r n s a g a i n s t t h e m a r g i n a l c o s t o f a d d i t i o n a l b o r r o w i n g . 
A n e x a m p l e o f a c o m p a n y - s p e c i f i c m o d e l w h i c h c o m b i n e s 
t r e a t m e n t o f m a n u f a c t u r i n g a n d f i n a n c i a l a c t i v i t i e s i s p r o v i d e d 
b y H a r r i s o n a n d B a k e r [ 2 7 ] . T h e i r d i s c u s s i o n i s b a s e d o n t h e i r 
e x p e r i e n c e a t t h e N a t i o n a l C o a l B o a r d ( G r e a t B r i t a i n ) a n d i s 
s p e c i f i c a l l y c o n c e r n e d w i t h m o d e l i n g d o n e i n t h e C o a l P r o d u c t s 
D i v i s i o n ( C P D ) . CPD i s t h e p r o c e s s a r m o f t h e N a t i o n a l C o a l 
B o a r d , a n d i s c o n c e r n e d w i t h t h e c o m m e r i c a l e x p l o i t a t i o n o f c o a l 
d e r i v a t i v e s a n d some r e l a t e d a n c i l l a r y v e n t u r e s . I t i s a w h o l l y 
o w n e d s u b s i d i a r y , w i t h i t s o w n B o a r d o f D i r e c t o r s , a n d i s a l a r g e 
d e c e n t r a l i z e d f i r m i n i t s o w n r i g h t . I t o p e r a t e s t h r e e m a i n 
b u s i n e s s e s , m a n a g e d i n f i v e g r o u p s w i t h a n a g g r e g a t e a n n u a l n e t 
i n c o m e o f 100 m i l l i o n p o u n d s o n a c a p i t a l i n v e s t m e n t o f 60 
m i l l i o n p o u n d s . I t i s f u r t h e r c h a r a c t e r i z e d a s " g r o w i n g f a s t " 
p a r t i c u l a r l y i n t h e a r e a o f o f f s h o r e e x p l o r a t i o n . 
T h e i m p e t u s f o r m o d e l b u i l d i n g a r o s e f r o m t h r e e m a i n p r o b l e m 
a r e a s . 
1 ) F o r e c a s t i n g a n d b u d g e t i n g f o r i n d i v i d u a l p l a n t s i n t h e 
s h o r t t e r m . M a n u a l p r e p a r a t i o n o f t h i s i n f o r m a t i o n f o r 
o n e y e a r p e r i o d s r e q u i r e d s i x m o n t h s t o c o m p l e t e a n d 
t h u s w a s g e n e r a l l y o u t o f d a t e a n d u n s t a b l e . 
2 ) M e d i u m a n d l o n g - t e r m b u s i n e s s p l a n n i n g . F o r m a l a n d 
o r g a n i z e d p r o c e d u r e s d i d n o t e x i s t f o r t h e k i n d o f 
p l a n n i n g n e e d e d f o r r a t i o n a l i n v e s t m e n t o f c a p i t a l . 
A 2 0 y e a r o u t l o o k w a s n e e d e d o n : 
i ) . T h e c o a l s u p p l y p o s i t i o n - w h e r e c a n r a w 
m a t e r i a l s b e o b t a i n e d ? 
i i ) . T h e m a r k e t p o s i t i o n - t o whom i s w h i c h p r o d u c t 
t o b e s o l d a n d a t w h a t p r i c e ? T h e m a i n 
r e q u i r e m e n t s i n t h i s s e t t i n g w e r e t h e n e e d t o 
a s k s p e c u l a t i v e , j u d g e m e n t f o r m i n g " w h a t - i f " 
q u e s t i o n s — a n d t o d o s o i n a n 
e x p e d i t i o u s m a n n e r . 
3 ) I n t h e c o n t e x t o f t h e n e g o t i a t i o n o f v a r i o u s c o n t r a c t s 
a n d b i d s , t o q u i c k l y g e n e r a t e i n f o r m a t i o n n e c e s s a r y 
f o r n e g o t i a t i o n o f p r i c e c l a u s e s , p r i c e r e v i e w p e r i o d s , 
a n d d i s c o u n t r a t e s . 
R a t h e r t h a n s e t u p a s i m p l e l a r g e m o d e l e m b r a c i n g a l l 
r e q u i s i t e i n t e r d e p e n d e n c i e s a t o n c e , i t w a s d e c i d e d t o p r o v i d e 
m i d d l e m a n a g e m e n t w i t h m o d e l s t a i l o r e d t o f i t t h e i r s p e c i f i c n e e d s . 
T h e r e a s o n i n g u n d e r l y i n g t h i s d e c i s i o n w a s t h e e x c e s s i v e t i m e 
r e q u i r e d t o s e t u p a m o d e l o f t h e s i z e t h a t w o u l d b e n e c e s s a r y , 
a n d i t s i n f l e x i b i l i t y i n r e s p o n s e t o e n v i r o n m e n t a l a n d c o r p o r a t e 
c h a n g e s . W h a t e v o l v e d w a s a s y s t e m o f m o d e l s a t t h r e e l e v e l s : 
1 ) N u m e r o u s s m a l l i n t e r a c t i v e p r o g r a m s u s e d b y l o c a l p l a n t 
s t a f f d e a l i n g w i t h s u c h m a t t e r s a s q u a l i t y c o n t r o l a n d 
p l a n t s a f e t y . S i m i l a r m o d e l s a r e u s e d b y CPD C o r p o r a t e 
s t a f f f o r a c t i v i t i e s s u c h a s e v a l u a t i o n o f w a g e i n c r e a s e 
p r o p o s a l s , a n d c a s h f l o w a p p r a i s a l s f o r c a p i t a l i n v e s t ­
m e n t p r o j e c t s . 
2 ) S h o r t - t e r m p l a n n i n g a n d b u d g e t i n g m o d e l s a t t h e p l a n t 
l e v e l . 
3 ) T h e " C o r p o r a t e M o d e l " w h i c h d e a l s w i t h CPD a s a s i n g l e 
e n t i t y . 
A n o v e r v i e w o f a t y p i c a l s h o r t - t e r m ( c o k i n g ) p l a n t m o d e l i n g 
c a p a b i l i t y i s s h o w n i n F i g u r e 2 . 1 5 . 
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| \ = M o d e l s 
<^ *> « E s t i m a t e s 
FIGURE 2.15 
SHORT TERM PLANNING/CONTROL MODELS 
T h e " C o a l S u p p l i e s M o d e l " i s a l i n e a r p r o g r a m m i n g 
f o r m u l a t i o n w h i c h d e t e r m i n e s t h e o p t i m a l f e e d c o a l o f d e s i r e d 
q u a l i t y a t t h e l e a s t c o s t . T h e c o n s t r a i n t s a r e p r o v i d e d b y t h e 
m a i n m e a s u r e s o f i n p u t m a t e r i a l q u a l i t y : c o n t e n t i n t h e c o a l 
o f a s h , s u l p h u r , v o l a t i l e m a t t e r , m o i s t u r e , a n d a s w e l l i n g i n d e x 
m e a s u r i n g t h e v o l u m e c h a n g e a s t h e c o a l i s c a r b o n i z e d . 
C o n s i d e r a b l e u s e h a s b e e n m a d e o f t h i s s o r t o f m o d e l i n 
e v a l u a t i n g t h e t r a d e - o f f b e t w e e n m o r e s t r i n g e n t q u a l i t y r e q u i r e ­
m e n t s a n d c o a l b l e n d c o s t . 
T h e f u n c t i o n o f t h e " P l a n t M o d e l " i s t o r e l a t e p l a n n e d 
p l a n t p r o d u c t i o n p o l i c y a n d d e m a n d f o r e c a s t s f o r d i f f e r e n t k i n d s 
o f c o k e t o r e s u l t a n t p l a n t r e v e n u e s a n d c o s t s . I t s p r i n c i p l e 
o u t p u t i s a p r o f i t a n d l o s s s t a t e m e n t . No c a s h f l o w i s p r o d u c e d , 
s i n c e a l l f i n a n c i n g i s d o n e o n a C o r p o r a t e l e v e l . T h e s t r u c t u r e 
o f t h e l i n k a g e b e t w e e n p l a n t o p e r a t i o n s a n d i t s p r o f i t a n d l o s s 
r e s u l t s i s s h o w n i n F i g u r e 2 . 1 6 . T h e s t a g e s o f t h e m o d e l a r e : 
- A n a l y s i s o f t h e p l a n n e d o p e r a t i n g p o l i c i e s t o p r o d u c e t h e 
y i e l d o f p r o d u c t . 
- M a t c h i n g p r o d u c t i o n / m a r k e t i n g l e v e l s t o g i v e s a l e s a n d 
s t o c k l e v e l s . 
- B u i l d u p o f o p e r a t i n g c o s t s r e l a t i v e t o o p e r a t i n g p o l i c y . 
- S t o c k v a l u e a d j u s t m e n t s ( a c c o u n t i n g " p r o v i s i o n s " ) t o 
g u a r d a g a i n s t l o s s o f r e a l i z a b l e v a l u e o w i n g t o 
d e t e r i o r a t i o n o f p r o d u c t l i n e , e t c . 
- P r e s e n t a t i o n o f r e s u l t s i n s t o c k c h a n g e t a b l e s a n d p r o f i t 
a n d l o s s s t a t e m e n t s . 
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FIGURE 2.16 
OUTLINE OF A SIMPLE PLANT MODEL 
T h e r e l a t i o n s h i p s o f some 93 p l a n t v a r i a b l e s a r e m o d e l e d 
t h r o u g h u s e o f c h e m i c a l e n g i n e e r i n g f o r m u l a e , a c c o u n t i n g r e l a t i o n ­
s h i p s , a n d e q u a t i o n s f o r m e d f r o m t h e e v a l u a t i o n o f h i s t o r i c a l 
o p e r a t i n g d a t a . 
F i g u r e 2 . 1 7 i l l u s t r a t e s t h e c o m p o n e n t s o f p l a n n i n g m o d e l s 
o n t h e C o r p o r a t e l e v e l w h i c h a r e l o n g t e r m — o n t h e o r d e r o f 
2 - 1 5 y e a r s . D e c i s i o n s m a d e i n t h i s t i m e f r a m e c o n c e r n t h e n a t u r e 
a n d t i m i n g o f c o k e o v e n r e b u i l d i n g a n d r e t i r e m e n t t o m e e t v a r y i n g 
l e v e l s o f d e m a n d . T h e s e d e c i s i o n s i n t u r n i n t e r a c t w i t h t h e 
a v a i l a b i l i t y o f c o k i n g c o a l t o i n d i v i d u a l p l a n t s . T h e " D e m a n d 
P r e d i c t i o n " a n d " C o a l S u p p l i e s " m o d e l s a r e f o r e c a s t i n g m o d e l s 
r e l y i n g o n i n p u t m a r k e t r e s e a r c h d a t a . T h e " C o r p o r a t e M o d e l " 
h a s t h e f o l l o w i n g p r o p e r t i e s : 
I t . . . e v a l u a t e s a s u g g e s t e d n a t i o n a l CPD p r o d u c t i o n p o l i c y 
( w h i c h i n c l u d e s r e b u i l d i n g p l a n t s a n d c o n v e r t i n g i n d i v i d u a l 
p l a n t s t o p r o d u c e o t h e r t y p e s o f c o k e ) a g a i n s t d e m a n d 
e s t i m a t e s f o r p r o d u c t s . T h e m o d e l c a n c o v e r u p t o 25 y e a r s 
a n d i n c l u d e s p h y s i c a l s u m m a r i e s o f p r o d u c t i o n a n d p a t t e r n 
o f s u p p l y t o i n d i v i d u a l g e o g r a p h i c a l m a r k e t s . T h e r e s u l t s 
f r o m t h e c o r p o r a t e m o d e l s h o w t h e f i n a n c i a l c o n s e q u e n c e s 
o f p o s s i b l e p o l i c i e s b o t h i n t e r m s o f p r o f i t a n d l o s s a n d 
o f c a s h r e q u i r e m e n t s . 
A n i l l u s t r a t i o n o f t h e l o g i c o f t h e C o r p o r a t e m o d e l i s 
g i v e n i n F i g u r e 2 . 1 8 . T h e l o g i c i s e s s e n t i a l l y s i m i l a r t o t h a t 
o f t h e P l a n t B u d g e t M o d e l , w i t h t w o i m p o r t a n t d i f f e r e n c e s . 
F i r s t , s i n c e t h e C o r p o r a t i o n m u s t b e c o n c e r n e d w i t h a c q u i s i t i o n 
o f f u n d s , a c a s h f l o w s t a t e m e n t i s p r o d u c e d . T h e s e c o n d 
d i f f e r e n c e i s t h e a d d e d c o m p l e x i t y r e p r e s e n t e d b y a m a t c h i n g 
p r o c e s s w h i c h m u s t g o o n b e t w e e n g e n e r a t e d p l a n t p r o d u c t i o n 
l e v e l s a n d s u p p l y a n d d e m a n d m a r k e t s o n a n a t i o n a l , w h o l e - c o m p a n y 
Demand p r e d i c t i o n 
m o d e l 
M a r k e t r e s e a r c h 
a n d s t a t i s t i c s 
L o n g e r t e r m c o a l 
s u p p l i e s m o d e l 
L . P . 
M a r k e t 
j u d g e m e n t 
C o m m e r c i a l , 
a c t i o n 
P l a n t 
l i f e 
P o s s i b l e 
r e b u i l d 
s c h e m e s 
M a r k e t f o r e c a s t 
p r i c e a n d 
q u a n t i t y 
C o a l 
a v a i l a b l e 
f o r c o k i n g 
' C o r p o r a t e ' m o d e l 
( C o k i n g , C h e m i c a l s , B r i q u e t t i n g ) 
D e s c r i p t i v e + m a t c h i n g 
t e c h n i q u e s 
I 
P r o f i t / L o s s ' C a s h ' s i t u a t i o n 
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F IGURE 2 . 1 7 
LONGER TERM PLANNING MODELS 
For each p l a n t 
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FIGURE 2.18 
CORPORATE MODEL LOGIC 
CO 
b a s i s . T h e a p p r o a c h t a k e n i n t h i s r e g a r d i s t h e m a x i m i z a t i o n 
o f t h e s u m o f t h e i n d i v i d u a l p l a n t s ' " f i n a n c i a l c o n t r i b u t i o n " 
( p r i c e l e s s p r o d u c t i o n a n d t r a n s p o r t c o s t s ) . 
H a r r i s o n a n d B a k e r c i t e t h e f o l l o w i n g b e n e f i t s w h i c h h a v e 
r e s u l t e d f r o m m o d e l i n g w o r k a t CPD. 
1 ) I l l u s t r a t i o n t o p l a n t a n d s t a f f m a n a g e m e n t o f t h e 
i n t e r r e l a t i o n s h i p s b e t w e e n t h e p l a n t s ' a c t i v i t i e s . 
2 ) T h e a b i l i t y a t a l l l e v e l s t o e x a m i n e a p e r m u t a t i o n o f 
a l t e r n a t i v e s c e n a r i o s . 
3) S p e e d o f r e a c t i o n i n c o n t r a c t n e g o t i a t i o n s e t t i n g s . 
C o m p u t e r m o d e l i n g p e r m i t s i m m e d i a t e e v a l u a t i o n o f 
a n o p p o n e n t ' s p r o p o s a l a n d t h e g e n e r a t i o n o f f e a s i b l e 
c o u n t e r p r o p o s a l s i n a s h o r t e n o u g h t i m e t o 
b e n e f i c i a l l y i m p a c t u p o n t h e c o m p e t i t i v e b i d d i n g 
a c t i v i t y . 
A s a t CPD, a t C o r n i n g G l a s s W o r k s (CGW) t h e d e c i s i o n w a s 
m a d e t o i n i t i a t e m o d e l i n g e f f o r t s v i a t h e d e v e l o p m e n t o f s e p a r a t e , 
r e l a t i v e l y s m a l l m o d e l s , r a t h e r t h a n b y c r e a t i n g a s i n g l e m o d e l 
o f l a r g e - s c a l e p r o p o r t i o n s a n d c o m p l e x i t y [ 6 ] , T h e g r o u n d s f o r 
t h i s d e c i s i o n w e r e e s s e n t i a l l y t h o s e e x p e r i e n c e d i n t h e p r e v i o u s 
e x a m p l e : d e v e l o p m e n t t i m e , a n d l a c k o f f l e x i b i l i t y . F u r t h e r 
i n d i c a t i o n s o f t h e d e s i r a b i l i t y o f c r e a t i n g s e v e r a l s m a l l e r m o d e l s 
w e r e t h e r e l i a n c e o f CGW o n n e w p r o d u c t i n t r o d u c t i o n f o r c o n t i n u e d 
g r o w t h , a n d t h e b e n e f i t s t o b e o b t a i n e d f r o m a l l o w i n g t h e h u m a n 
e l e m e n t t o b e t h e b r i d g e b e t w e e n w h a t w o u l d o t h e r w i s e b e c o m p o n e n t 
p a r t s o f a s i n g l e m o d e l . T h i s l a s t a s p e c t e m b o d i e s t h e 
i d e n t i f i c a t i o n o f t h e n e e d f o r m a n a g e r i a l u n d e r s t a n d i n g o f 
( a t l e a s t ) o v e r a l l m e t h o d o l o g y e m p l o y e d b y a q u a n t i t a t i v e 
m o d e l b e f o r e a c c e p t a n c e r e a c h e s t h e l e v e l r e q u i r e d f o r s i g n i f i c a n t 
u s e . 
C h a m b e r s , M u l l i c k , a n d S m i t h (CMS) [6], d e s c r i b e t h e m a j o r 
m o d e l t y p e s t h a t h a v e b e e n d e v e l o p e d b y CGW s i n c e t h e m i d 1 9 6 0 * s . 
T h e s e a r e : 
1 ) F i n a n c i a l P l a n n i n g 
2 ) M u l t i - n a t i o n a l I n v e s t m e n t 
3 ) E c o n o m e t r i c S i m u l a t i o n 
4 ) New P r o d u c t P l a n n i n g 
F o r p u r p o s e s o f p r o v i d i n g b a c k g r o u n d f o r t h e t h e s i s r e s e a r c h 
d e s c r i b e d h e r e i n b e l o w , i t i s m o s t u s e f u l t o c o n c e n t r a t e o n t h e 
New P r o d u c t P l a n n i n g M o d e l . T h i s m o d e l i s i t s e l f c o m p o s e d o f f i v e 
d i f f e r e n t m o d e l i n g t e c h n i q u e s o r a p p r o a c h e s : 
1 ) A d i s a g g r e g a t e d m a r k e t i n g m o d e l 
2 ) A p r o j e c t c o n t r o l s y s t e m ( o r CPM) f o r t r a c k i n g a n d 
w a r n i n g p u r p o s e s . 
3 ) A p l a n t l o c a t i o n m o d e l 
4 ) A s h o r t - t e r m p r o d u c t i o n a n d c a p a c i t y p l a n n i n g m o d e l 
5 ) A v e n t u r e r i s k a n a l y s i s m o d e l ( l o n g t e r m ) 
E a c h o f t h e s e m o d e l s ( F i g u r e 2 . 1 9 ) i n t e r a c t w i t h o n e a n o t h e r i n 
t h e s e n s e t h a t t h e i n f o r m a t i o n w h i c h i s u s e d f o r p l a n n i n g p u r p o s e s 
i s o b t a i n e d v i a t h e i t e r a t i v e e x c h a n g e o f i n f o r m a t i o n b e t w e e n a l l 
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F i g u r e 2 . 1 9 . I n t e r a c t i o n s o f New P r o d u c t P l a n n i n g M o d e l s 
i n f o r m a t i o n ; w i t h s o l i d l i n e s i n d i c a t i n g d i r e c t t r a n s f e r s o f d a t a , 
a n d d o t t e d l i n e s r e p r e s e n t i n g " i n d i r e c t " i n f o r m a t i o n f l o w s . 
A n i l l u s t r a t i o n o f t h e m e a n s b y w h i c h t h i s i n t e r a c t i o n t o o k 
p l a c e i s p r o v i d e d i n F i g u r e 2 . 2 0 w h i c h s h o w s t h e l o n g t e r m r i s k 
a n a l y s i s m o d e l . A n i n t e g r a l p a r t o f t h i s m o d e l i s t h e g e n e r a t i o n 
o f d e t a i l e d m a n u f a c t u r i n g c o s t i n f o r m a t i o n , w h i c h , i f o n e a d h e r e s 
t o t h e a b o v e c l a s s i f i c a t i o n o f m o d e l c o m p o n e n t s , c o m e s f r o m t h e 
m a n u f a c t u r i n g m o d e l . I n t h e f r a m e w o r k o f t h e e v a l u a t i o n o f r i s k , 
t h e s h o r t - t e r m p r o d u c t i o n a n d c a p a c i t y m o d e l i s u s e d t o p r o v i d e 
t h e a b o v e m e n t i o n e d c o s t d a t a f o r a g i v e n c o n f i g u r a t i o n o f p l a n t s ; 
a s d e t e r m i n e d b y t h e m a r k e t i n g , p l a n t l o c a t i o n , a n d r i s k a n a l y s i s 
m o d e l s . G i v e n v a r y i n g i n p u t s o f t h e s e t y p e s , t h e p r o d u c t i o n m o d e l 
p r o v i d e s a r a n g e o f m a n u f a c t u r i n g c o s t f i g u r e s f o r u s e a s i n p u t 
S a l e s S u b r o u t i n e 
S a l e s I n p u t s 
. T y p e s o r S i z e s 
. U n i t s 
. D o l l a r s 
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FIGURE 2 . 2 0 EXAMPLE OF INPUTS FOR R I S K A N A L Y S I S MODEL 
t o t h e p l a n t l o c a t i o n m o d e l . G i v e n s a l e s l e v e l s d e t e r m i n e d b y 
t h e m a r k e t r e s e a r c h a n d m a r k e t i n g m o d e l , t h e p r o d u c t i o n m o d e l 
g e n e r a t e s p r o b a b i l i t y e s t i m a t e s v i s - a - v i s t h e a b i l i t y o f t h e 
c o m p a n y t o m e e t c o m m i t m e n t s o f t h i s m a g n i t u d e . T h i s m o d e l 
" . . . t a k e s i n t o a c c o u n t t h e s c h e d u l i n g o f R&D a s w e l l a s p r o d u c t i o n 
t o d e t e r m i n e w h e t h e r a d e s i r e d a m o u n t o f t i m e w i l l b e a v a i l a b l e 
f o r r e s e a r c h a n d d e v e l o p m e n t s o t h a t i m p r o v e m e n t s i n m a n u f a c t u r i n g 
c a n b e m a d e a n d t h e d e s i r e d p r o f i t s . . . r e a l i z e d . " A s c a n b e s e e n 
f r o m t h e f o r e g o i n g d i s c u s s i o n , t h e p r o d u c t i o n a n d c a p a c i t y 
p l a n n i n g m o d e l c a n b e p r o b a b i l i s t i c , b u t c a n a l s o b e r u n f o r a 
s e t o f d i f f e r e n t e s t i m a t e s . 
T h e a u t h o r s f e e l t h a t e x p e r i e n c e g a i n e d b y CGW v i a t h e u s e 
o f t h e a b o v e m e n t i o n e d g r o u p o f m o d e l s h a s p r o v i d e d t h e m w i t h t h e 
c a p a b i l i t y t o b r i n g t o g e t h e r t h e v a r i o u s u n i t s i n t o a s i n g l e 
c o m p r e h e n s i v e m o d e l . D e v e l o p m e n t a n d u s e o f t h e s m a l l e r m o d e l s 
h a s p r o v i d e d , n o t o n l y i n s i g h t i n t o m o d e l b u i l d i n g i n g e n e r a l , 
b u t a l s o i n t o t h e m o s t f r u i t f u l m e a n s o f u s i n g t h i s m o d e l g e n e r a t e d 
d a t a . 
S m i t h [57] h a s d e v e l o p e d a s h o r t - t e r m p l a n n i n g m o d e l f o r 
m a n u f a c t u r i n g f i r m s . He e x p l i c i t l y m o d e l s a l l m a j o r a r e a s 
c o n t a i n e d i n t h e c o r p o r a t e p l a n n i n g f u n c t i o n : p r o d u c t i o n , 
p u r c h a s i n g , p e r s o n n e l , m a r k e t i n g , f i n a n c e , a n d w o r k i n g c a p i t a l . 
T h e s e f a c t o r s a r e c o m b i n e d i n t o a c o m p r e h e n s i v e p l a n n i n g m o d e l 
w i t h t h e f o l l o w i n g g e n e r a l f o r m : 
m a x i m i z e : N e t c o n t r i b u t i o n s o f t h e d e c i s i o n v a r i a b l e s t o 
t h e p r o f i t o f t h e F i r m ( a f t e r t a x e s ) . 
s u b j e c t t o : A s e t o f i n t r a - t e m p o r a l c o n s t r a i n t s t o d e f i n e 
r e l a t i o n s h i p s a n d l i m i t a t i o n s w h i c h a r i s e f r o m 
t h e o p e r a t i n g s t a t u s o f t h e f i r m d u r i n g t h e 
g i v e n t i m e p e r i o d s , a n d a s e t o f i n t e r - t e m p o r a l 
c o n s t r a i n t s w h i c h r e l a t e t h e o p e r a t i n g s t a t u s 
o f t h e f i r m i n e a c h p e r i o d t o t h e s t a t u s i n o t h e r 
p e r i o d s . 
T h e o p t i m i z a t i o n m o d e l i s l i n e a r i n c o n s t r a i n t s , o b j e c t i v e f u n c t i o n , 
b u t d o e s c o n t a i n some 0-1 v a r i a b l e s . T h e s e b i n a r y v a r i a b l e s a r e 
n e e d e d t o a l l o w a c c u r a t e m o d e l i n g o f " e i t h e r - o r " c o n d i t i o n s a n d 
" k o r m" c o n s t r a i n t s , t o i n c l u d e f i x e d c h a r g e s ( s u c h a s s e t u p 
c o s t s ) , a n d t o c o n t r o l t h e s e q u e n c e o f a p p e a r a n c e o f v a r i a b l e s i n 
t h e s o l u t i o n w h e r e n e c e s s a r y . T h i s l a t t e r i n s t a n c e m i g h t a r i s e 
v i a a p i e c e w i s e l i n e a r a p p r o x i m a t i o n o f a n o n l i n e a r o b j e c t i v e 
f u n c t i o n . 
A f u l l p r e s e n t a t i o n o f t h e m o d e l w o u l d e x c e e d t h e s c o p e o f 
t h i s r e v i e w . T h u s d i s c u s s i o n w i l l b e l i m i t e d t o t h e p r o d u c t i o n 
a r e a o f t h e m o d e l . 
T h e c o n t r i b u t i o n t o t h e o b j e c t i v e f u n c t i o n o f a n d c o n s t r a i n t s 
a s s o c i a t e d w i t h t h e p r o d u c t i o n a c t i v i t y a r e g i v e n b e l o w . 
T P 
C o n t r i b u t i o n : -I t = l 
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o v e r t i m e i n p e r i o d t 
= v a r i a b l e p r o d u c t i o n c o s t p e r u n i t o f p 
e x c l u d i n g l a b o r a n d r a w m a t e r i a l s c o s t s 
E y j . i s t h e n u m b e r o f h o u r s o f e q u i p m e n t v 
a v a i l a b l e f o r r e g u l a r t i m e p r o d u c t i o n i n 
p e r i o d t 
E^, t i s t h e n u m b e r o f h o u r s o f e q u i p m e n t v a v a i l a ­
b l e f o r o v e r t i m e p r o d u c t i o n i n p e r i o d t 
e ^ p i s t h e n u m b e r o f h o u r s o f e q u i p m e n t v 
r e q u i r e d i n t h e p r o d u c t i o n o f e a c h u n i t o f 
p r o d u c t p 
L t i s t h e n u m b e r o f h o u r s o f l a b o r o f t y p e n 
h i r e d d u r i n g r e g u l a r t i m e f o r p r o d u c t i o n i n 
p e r i o d t 
H n t i s t h e n u m b e r o f h o u r s o f l a b o r o f t y p e n 
h i r e d d u r i n g o v e r t i m e f o r p r o d u c t i o n i n 
p e r i o d t 
3 i s t h e n u m b e r o f h o u r s o f l a b o r t y p e n n p J t r 
r e q u i r e d i n t h e p r o d u c t i o n o f e a c h u n i t o f 
p r o d u c t p 
l m i s t h e n u m b e r o f u n i t s o f r a w m a t e r i a l t y p e 
r t 
r a v a i l a b l e a t t h e b e g i n n i n g o f p e r i o d t 
M ^ i s t h e n u m b e r o f u n i t s o f r a w m a t e r i a l t y p e r t 
r w h i c h a r e t o a r r i v e i n p e r i o d t a n d a r e t o b e 
p a i d f o r p r o m p t l y 
M/ i s t h e n u m b e r o f u n i t s o f r a w m a t e r i a l t y p e 
r w h i c h a r e t o a r r i v e i n p e r i o d t a n d a r e t o b e 
p a i d f o r a t a l a t e r d a t e 
m i s t h e n u m b e r o f u n i t s o f r a w m a t e r i a l t y p e r p J t r 
r w h i c h i s r e q u i r e d i n t h e p r o d u c t i o n o f e a c h 
u n i t o f p r o d u c t p 
S u b s c r i p t s p = 1 , 2 , . . . , P d o n o t n e c e s s a r i l y i m p l y a n i n d i v i ­
d u a l p r o d u c t , b u t r a t h e r a n a g g r e g a t i o n o f s e v e r a l p r o d u c t s w i t h 
v i r t u a l l y h o m o g e n e o u s p r o d u c t i o n r e q u i r e m e n t s . T h i s a l l o w s f o r 
a d e c r e a s e i n t h e n u m b e r o f v a r i a b l e s w h i c h m u s t b e t r e a t e d . 
S m i t h , n o t e s t h a t t h e m o d e l a s p r e s e n t e d i n e q u a t i o n f o r m 
i s n o t s u i t a b l e f o r a p p l i c a t i o n t o a n y s p e c i f i c c o m p a n y : 
T h e f o l l o w i n g d i s c u s s i o n a n d f o r m u l a t i o n o f t h e s h o r t t e r m 
p l a n n i n g m o d e l o n l y p r o v i d e t h e b a s i c s t r u c t u r e a n d g e n e r a l 
g u i d e l i n e s f o r m o d e l i n g t h e s h o r t t e r m p l a n n i n g p r o b l e m f o r 
a s p e c i f i c f i r m . I n t h e p r e s e n t a t i o n o f t h e m o d e l , t h e 
d e f i n i t i o n o f v a r i a b l e s , p a r a m e t e r s , o b j e c t i v e f u n c t i o n , a n d 
c o n s t r a i n t s i s i n t e n d e d t o e n a b l e a n o r g a n i z e d a d a p t a t i o n o f 
t h e m o d e l t o f i t a s p e c i f i c o p e r a t i o n , a n d t o s u g g e s t t h e 
i n f o r m a t i o n r e q u i r e d f o r i t s u s e . 
I n t h e a p p l i c a t i o n o f t h e m o d e l , S m i t h e s t i m a t e d t h a t a 
c o s t o f 2 a n d 1 / 2 m a n m o n t h s o r r o u g h l y $ 3 0 0 0 - $ 7 0 0 0 w a s n e e d e d 
t o r e n d e r t h e m o d e l u s a b l e . S o l u t i o n o f t h e m o d e l w a s v i a a l a r g e -
s c a l e n o n l i n e a r p r o g r a m m i n g c o d e w i t h t o t a l c o m p u t i n g c o s t s f a l l i n g 
i n t h e r a n g e f r o m $ 6 0 0 - $ 1 2 0 0 . 
2 . 7 S y n t h e s i s 
A n e x p a n d e d c h a r a c t e r i z a t i o n s c h e m e i s u s e d t o c o m p a r e 
t h e m o d e l s c i t e d i n t h i s s e c t i o n . T h e s e m o d e l s w e r e e x a m i n e d 
w i t h r e s p e c t t o t h e f o l l o w i n g a t t r i b u t e s : 
O p t i m i z a t i o n : l i n e a r o r n o n l i n e a r 
S i m u l a t i o n 
C a s e S t u d y 
S t o c h a s t i c 
P l a n n i n g L a n g u a g e 
S m a l l B u s i n e s s 
M a n u f a c t u r i n g 
O n l i n e 
G e n e r a l A p p l i c a b i l i t y 
T h i s c o m p a r i s o n i s i l l u s t r a t e d i n T a b l e 2 . 5 . T h e a s s i g n m e n t o f 
a n a t t r i b u t e t o a g i v e n m o d e l i m p l i e s t h a t , a t l e a s t i n p a r t , t h e 
m o d e l m a n i f e s t s t h i s c h a r a c t e r i s t i c . T h u s , a s i m u l a t i o n m o d e l 
w h i c h o p t i m i z e s i n a p a r t i c u l a r c o m p o n e n t i s c l a s s i f i e d a s b o t h a 
s i m u l a t i o n a n d o p t i m i z a t i o n m o d e l T h e m o d e l s d e s c r i b e d h e r e , a s 
a g r o u p , d i s p l a y t h o s e c h a r a c t e r i s t i c s w h i c h p r o v e d t o b e m o s t 
common i n t h e s t u d i e s c i t e d a b o v e . T h e r e i s a c l e a r p r e d o m i n a n c e 
o f c a s e s t u d y s i m u l a t i o n m o d e l s w i t h n o s t o c h a s t i c v a r i a b l e s . M o s t 
a r e e i t h e r f u l l y c o n s t r u c t e d m o d e l s o f a p a r t i c u l a r c o m p a n y , o r 
p l a n n i n g l a n g u a g e s w h i c h r e q u i r e t h a t a c t u a l m o d e l c o n s t r u c t i o n 
b e p e r f o r m e d b y t h e u s e r . M o r e o v e r , t h e m a j o r i t y d o n o t t r e a t 
t h e p r o d u c t i v e p r o c e s s e s o f t h e f i r m , e x c e p t i m p l i c i t l y v i a t h e 
a s s i g n m e n t o f c o s t s i n a n a c c o u n t i n g f r a m e w o r k . 
T h e M a n u f a c t u r i n g V e n t u r e P l a n n i n g M o d e l (MVPM) w h i c h i s 
p r e s e n t e d h e r e h a s t h e f o l l o w i n g c h a r a c t e r i s t i c s : 
1 ) A d e t e r m i n i s t i c , c a s e s t u d y , s i m u l a t i o n m o d e l i n g a p p r o a c h . 
2 ) A n o r i e n t a t i o n t o w a r d t h e n e w m a n u f a c t u r i n g v e n t u r e . 
3 ) O n l i n e , i n t e r a c t i v e c a p a b i l i t i e s . 
4 ) G e n e r a l d e s i g n t o a l l o w t r e a t m e n t o f d i f f e r e n t v e n t u r e 
c o n f i g u r a t i o n s . 
5 ) E x p l i c i t t r e a t m e n t o f p r o d u c t i v e p r o c e s s e s a n d a s s o c i a t e d 
n o n f i n a n c i a l r e s o u r c e s . 
T h e s e a t t r i b u t e s o f t h e MVPM a r e i l l u s t r a t e d i n T a b l e 2 . 5 . 
T a b l e 2 . 5 . S u m m a r y o f M o d e l C h a r a c t e r i s t i c s 
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* MVPM X X x 
^ I f m o d e l e d b y u s e r s o f t h e p l a n n i n g l a n g u a g e . 
O n l y c e r t a i n p a r t s o f t h e m o d e l a r e r u n o n l i n e . 
• ^ I n c e r t a i n m o d e l s e g m e n t s . 
^ E x t e n s i v e c o n v e r s i o n r e q u i r e d f o r a p p l i c a t i o n . 
T h e r e i s a l a c k o f p r e v i o u s w o r k i n t e n d e d s p e c i f i c a l l y t o 
a d d r e s s t h e p l a n n i n g d a t a a n a l y s i s p r o b l e m s o f t h e e n t r e p r e n e u r . 
A s t h e f o r e g o i n g m a t e r i a l d o c u m e n t s , a n o t h e r m o d e l ( o t h e r t h a n 
MVPM) d o e s n o t e x i s t w h i c h a t o n c e ( 1 ) i s o r i e n t e d t o w a r d s n e w 
v e n t u r e p l a n n i n g , ( 2 ) e x p l i c i t l y t r e a t s a s p e c t s o f m a n u f a c t u r i n g 
p r o c e s s e s , a n d ( 3 ) i s n o t c o m p a n y s p e c i f i c . T h e n e e d f o r a 
m o d e l w h i c h p o s s e s s e s t h e s e c h a r a c t e r i s t i c s a n d t h e o t h e r s c i t e d 
a b o v e i s d i s c u s s e d i n t h e n e x t c h a p t e r . 
8 1 
C H A P T E R I I I " 
F A C T O R S U N D E R L Y I N G M O D E L S P E C I F I C A T I O N 
T h e f o r e g o i n g m a t e r i a l w a s i n t e n d e d t o p r o v i d e t h e r e a d e r w i t h a 
s e n s e o f h o v t h e m o d e l d e v e l o p e d h e r e f i t s i n t o t h e c o n t i n u u m o f 
m o d e l i n g w o r k d o n e b y o t h e r s . S u r v e y s o f m o d e l i n g l i t e r a t u r e a n d 
s p e c i f i c m o d e l s h a v e " b e e n e x a m i n e d t o p r o v i d e a f r a m e o f r e f e r e n c e f o r 
f u r t h e r d i s c u s s i o n . 
I n t h e r e m a i n i n g c h a p t e r s , t h e M V P M i s e x p l a i n e d i n g r e a t e r 
d e p t h . H a v i n g s e e n h o w i t d i f f e r s f r o m e x i s t i n g m o d e l s , w e n o w e x a m i n e 
m o d e l c h a r a c t e r i s t i c s a s t h e y r e l a t e t o t h e n e e d s o f t h e n e w v e n t u r e 
p l a n n e r . T h e s t r u c t u r e o f t h e m o d e l - u s e r i n t e r f a c e i s d i s c u s s e d l e a d i n g 
t o a d e s c r i p t i o n o f i m p o r t a n t m o d e l f e a t u r e s i n t h e n e x t c h a p t e r . 
3 . 1 M o d e l i n g A p p r o a c h 
T h e a p p r o a c h t o d e v e l o p i n g a c o m p u t e r p l a n n i n g m o d e l m a y p r o c e e d 
i n o n e o f t w o d i r e c t i o n s : A s i m u l a t i o n m o d e l , o r a n o p t i m i z a t i o n m o d e l . 
A s d i s c u s s e d e a r l i e r , s t u d i e s o f p l a n n i n g p r a c t i c e h a v e s h o w n t h e 
o p t i m i z a t i o n m o d e l s t o h e r e l a t i v e l y r a r e i n a c t u a l a p p l i c a t i o n " ' " . W h a t 
f o l l o w s b e l o w i s a d i s c u s s i o n o f f a c t o r s l e n d i n g t o t h e s p e c i f i c a t i o n 
o f t h e m o d e l t y p e u s e d h e r e . A d d i t i o n a l l y , a d i s c u s s i o n o f v e n t u r e 
f e a s i b i l i t y a n a l y s i s p r o v i d e s b a c k g r o u n d f o r t h e s e l e c t i o n o f m o d e l 
i n p u t a n d o u t p u t ( I / O ) c h a r a c t e r i s t i c s w h i c h a r e d i s c u s s e d l a t e r . 
S e e a l s o R a y l o r a n d S h a u l a n d [ 1 + 6 ] . 
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3.1.1 Venture Analysis 
The process of assessing the economic desirability of an invest­
ment project or a new venture is composed of three areas of study and 
analysis [10]: 
1) Market Analysis to evaluate the venture in terms of present 
and future product demand, price, market share, and allow 
planning of sales, advertising, distribution, and customer 
service efforts and associated costs. 
2) Technical Analysis to establish technical feasibility and 
provide a basis for cost determination. Description of 
alternative designs for product, process, and scale of plant 
must be evaluated to select the best combination. Estimation 
of start-up costs, labor requirements, materials costs, energy 
alternatives, equipment configurations and costs, and plant 
overhead are among the principal results of this analysis. 
3) Financial Analysis to prepare financial statements so that the 
venture may be-evaluated in terms of measures of financial 
profitability, and so that the amount and timing of financial 
requirements may be determined. Components of this study are 
various pro forma statements — cash flows-, income statements, 
and balance sheets — and supporting documents stating 
assumptions underlying statement preparation. Ultimately, 
evaluation of economic feasibility rests upon an analysis of 
this information. This evaluation process includes use o f 
various measures of return and profitability, other key 
financial ratios, break-even analysis, and the analysis o f 
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the s e n s i t i v i t y of these indices to changes in parameter 
es t imates . 
From the descr ip t ion of the component p a r t s of the economic f e a s i b i l i t y 
s tudy, i t i s c l e a r t h a t the market and technica l analyses provide the 
input to the f i n a n c i a l a n a l y s i s . Not as apparent , but of great impor­
tance to one engaged in such a study, are the complex interdependencies 
and feedback r e l a t i o n s h i p s present among a l l components. These are 
p a r t i c u l a r l y important in r e l a t i o n to the marketing and t echn ica l 
ana lyses . This c h a r a c t e r i s t i c of the planning process i s summarized by 
the fol lowing statement by Hammond [27]: "One danger, however, of p r e ­
senting the process as a sequence of steps i s tha t such presentat ion 
masks i t s i t e r a t i v e n a t u r e . The (ana lys t ) should keep in mind t h a t much 
looping back occurs when inadequacies or incons i s tenc ies stemming from 
e a r l i e r steps are uncovered in a l a t e r s t e p . " 
A simple example of such i n t e r a c t i o n i s i l l u s t r a t e d in the causal 
diagram which fo l lows at the top of page Qk (arrows ind ica te d i r e c t i o n of 
c a u s a l i t y ) . 
Product p r i c e , marketing program and c o s t s , and product demand 
would be spec i f i ed as a r e s u l t of the market a n a l y s i s , with the other 
four v a r i a b l e s being p a r t of the t echn ica l ana lys i s and developed based 
on the r e s u l t s of the market study. However, the value of the product 
p r i c e v a r i a b l e must i n i t i a l l y be given based on some combination of 
i n t u i t i o n and r e l e v a n t industry data . I t cannot stem from considerat ion 
of production c o s t s , s ince these costs are not ye t developed. I f , upon 
t h e i r development, an i n f e a s i b i l i t y i s i d e n t i f i e d (such as lack of 
solvency in pro jec ted operat ions) then a r e - e v a l u a t i o n of a l l components 
of the marketing plan is necessary. This subsequent re-examination of 
alternative technical configurations and costs, as well as the potential 
for further infeasibilities illustrates the necessarily iterative nature 
of the process of feasibility analysis. 
The determination of a satisfactory venture configuration may be 
achieved by examination of the marketing and technical areas, sequen­
tially or simultaneously, and use of the resultant data as input to the 
financial computations. As mentioned above, this requires providing 
initial values for some variables. Work done in some phase of one 
analysis may indicate needed changes in work done previously in that, or 
some other area of investigation. By modification of initial values, 
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w h e r e n e c e s s a r y , a l t e r n a t i v e f e a s i b l e c o n f i g u r a t i o n s may be c r e a t e d . 
F u r t h e r m o d i f i c a t i o n and r e c a l c u l a t i o n c o n t i n u e s u n t i l an a c c e p t a b l e 
outcome i s p r o d u c e d , o r t h e d e c i s i o n i s made n o t t o p r o c e e d w i t h t h e 
p r o j e c t . 
I t can be seen t h a t t h e d e c i s i o n p r o c e s s i n h e r e n t i n t h e p r o c e d u r e 
d e s c r i b e d above w o u l d be enhanced t o t h e d e g r e e t h a t t h e i n f o r m a t i o n 
a v a i l a b l e f o r e v a l u a t i o n was c o m p l e t e and a c c u r a t e . I t w o u l d t h e r e f o r e 
be d e s i r a b l e f o r a c o m p l e t e a n a l y s i s t o be p e r f o r m e d f o r s e v e r a l 
a t t r a c t i v e v e n t u r e c o n f i g u r a t i o n s . 
The d e c i s i o n among t h e s e c l e a r l y a r t i c u l a t e d and e x p l o r e d a l t e r ­
n a t i v e s w o u l d h i n g e n o t o n l y on t h e i r c a l c u l a t e d economic c h a r a c t e r i s t i c s , 
b u t a l s o on an e v a l u a t i o n , o b j e c t i v e o r s u b j e c t i v e , o f t h e i r r e s p e c t i v e 
r i s k c h a r a c t e r i s t i c s . To t h i s e n d , t h e m o d i f i c a t i o n o f base case^" 
a s s u m p t i o n s on r e v e n u e s , c o s t s , and o t h e r f a c t o r s , and t h e a n a l y s i s o f 
t h e ou tcomes o f t h e s e d i f f e r e n t s c e n a r i o s , w o u l d be v e r y h e l p f u l i n 
a s s e s s i n g t h e r i s k i n e s s o f d i f f e r e n t a l t e r n a t i v e s . 
3 . 2 I m p l i c a t i o n s f o r M o d e l D e s i g n 
The d i f f i c u l t y w i t h i m p l e m e n t a t i o n o f t h i s c o n c e p t o f e v a l u a t i n g 
t h e r e s u l t s o f a n a l y s e s o f d i s p a r a t e s e t s o f i n f o r m a t i o n i s t h e amount 
o f c o m p u t a t i o n i n v o l v e d . I t r e q u i r e s a s u b s t a n t i a l i n v e s t m e n t o f human 
r e s o u r c e s i f c o m p u t a t i o n i s p e r f o r m e d m a n u a l l y : t h e " . . . v o l u m e o f c o m ­
p u t a t i o n i s e n o r m o u s , and t h e number o f p e r m u t a t i o n s w h i c h can be t r i e d 
•^The " b a s e c a s e " (as d e f i n e d b y K i n g s t o n [ 3 2 ] ) i s a u s e r - a c c e p t e d s e t o f 
i n p u t d a t a , p r o j e c t i o n s , and d o c u m e n t a t i o n . A f t e r t h e b a s e case i s 
a c c e p t e d , i t i s u s e d as a r e f e r e n c e p o i n t f o r e v a l u a t i o n o f t h e r e s u l t s 
o f "what i f " q u e s t i o n s . 
86 
o u t must be s e v e r e l y l i m i t e d u n l e s s t h e e x p e r i m e n t e r has a c c e s s t o t h e 
c o m p u t a t i o n a l power o f a c o m p u t e r [ U U ] . " The c a l c u l a t i o n s r e q u i r e d a r e 
g e n e r a l l y n o t c o m p l e x , b u t a r e t e d i o u s and t i m e c o n s u m i n g ; so much so 
t h a t f o r a l o n e e n t r e p r e n e u r o r s m a l l g r o u p engaged i n a n a l y s i s , t h e 
s h e e r m a g n i t u d e o f t h e t a s k p r e c l u d e s much p o t e n t i a l l y f r u i t f u l e x p l o r a ­
t i o n . 
Of b e n e f i t i n t h e a m e l i o r a t i o n o f t h i s d i f f i c u l t y w o u l d be some 
t o o l t o r e l i e v e t h e a n a l y s t o f t h e b u r d e n o f much o f t h i s c o m p u t a t i o n , 
t h u s a l l o w i n g h i m t o c o n c e n t r a t e on u s e o f h i s most v a l u a b l e a t t r i b u t e -
j u d g m e n t a l a b i l i t y . Once t h e g e n e r a t i o n o f a l t e r n a t i v e s o l u t i o n s no 
l o n g e r r e q u i r e s p r o h i b i t i v e commi tments o f t i m e and manpower , t h e a n a l y s t 
w i l l be p r o n e t o g e n e r a t e and a n a l y z e more i n f o r m a t i o n , t h u s i m p r o v i n g 
t h e b a s i s f o r t h e e n t i r e p l a n n i n g p r o c e s s . 
I t may be c o n c l u d e d f r o m t h e f o r e g o i n g d i s c u s s i o n t h a t an i m p o r ­
t a n t c a p a b i l i t y i n t h e p e r f o r m a n c e o f a f e a s i b i l i t y a n a l y s i s i s t h e 
a b i l i t y t o e v a l u a t e a l t e r n a t i v e v e n t u r e c o n f i g u r a t i o n s . Though o n l y one 
e x p l i c i t m e t h o d f o r d o i n g t h i s has b e e n c o n s i d e r e d , i t s h o u l d a l s o be 
n o t e d t h a t t h i s p r o c e s s may a l s o be i m p l i c i t l y p e r f o r m e d v i a t h e u s e o f 
an o p t i m i z a t i o n m o d e l . H o w e v e r , t h e use o f some m a t h e m a t i c a l p r o g r a m ­
m i n g p r o c e d u r e f o r t h e d e t e r m i n a t i o n o f an " o p t i m a l " ' c o n f i g u r a t i o n i s 
c o n t r a i n d i c a t e d f o r t w o r e a s o n s . 
The f i r s t r e a s o n i s t h a t t h e l a c k o f h i s t o r i c a l d a t a r e g a r d i n g 
t h e p r o p o s e d new v e n t u r e f o r c e s t h e m o d e l - g e n e r a t e d p l a n , " o p t i m a l " o r 
o t h e r w i s e , t o a r i s e f r o m d a t a w h i c h i s s u s p e c t . Thus f a i t h i n a p l a n ' s 
o p t i m a l i t y w o u l d l i k e l y be m i s p l a c e d . I n d e e d , i n d i s c u s s i n g c o r p o r a t e 
m o d e l s , G r i n y e r and B a t t [ 2 6 ] n o t e t h a t : 
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. . . d u e a l l o w a n c e s h o u l d b e m a d e f o r t h e i n a c c u r a t e a n d o f t e n 
s u b j e c t i v e n a t u r e o f p r o j e c t i o n s a n d f o r e c a s t s , o f b o t h c o s t s 
a n d r e v e n u e s , u s e d a s i n p u t t o m o d e l s . T h i s i n t u r n s u g g e s t s 
t h a t a n y m o d e l d e v e l o p e d w o u l d b e u s e d i n a n e x p l o r a t o r y , 
s i m u l a t i o n f a s h i o n . A l s o , i t m a y b e a r g u e d t h a t h i g h l y 
s o p h i s t i c a t e d a n d e x p e n s i v e a p p r o a c h e s s h o u l d n o t b e u s e d i n 
s u c h c i r c u m s t a n c e s . 
B e a r i n g i n m i n d t h a t G r i n y e r a n d B a t t w e r e d i s c u s s i n g c o r p o r a t e m o d e l i n g 
i n r e l a t i o n t o g o i n g c o n c e r n s , o n e c a n r e a d i l y i m a g i n e t h e " i n a c c u r a t e 
a n d s u b j e c t i v e n a t u r e " o f i n p u t s g e n e r a t e d t o t a l l y w i t h o u t t h e b e n e f i t 
o f p a s t o p e r a t i n g d a t a . T h u s t h e f o c u s s h o u l d b e u p o n t h e r a n g e a n d 
s e n s i t i v i t y o f o u t c o m e s , r a t h e r t h a n u p o n t h e o r e t i c a l o p t i m u m s . 
T h e s e c o n d , b u t p e r h a p s m o r e c r u c i a l o b j e c t i o n t o a n o p t i m i z a t i o n 
a p p r o a c h i s t h e c o n s i d e r a t i o n o f t h e h u m a n f a c t o r i n t h e p r o c e s s o f 
a n a l y s i s . O f p r i m e i m p o r t a n c e i n a m a n a g e r ' s ( o r e n t r e p r e n e u r ' s ) 
a c c e p t a n c e o f a m a c h i n e - c o m p u t e d s o l u t i o n i s h i s a b i l i t y t o u n d e r s t a n d 
t h e m e t h o d b y w h i c h t h e s o l u t i o n w a s r e a c h e d . T h e f o l l o w i n g s t a t e m e n t b y 
L o r a n g e a n d R o c k a r t [ 3 8 ] a d d r e s s e s t h i s a s p e c t o f t h e p l a n n e r - m o d e l 
i n t e r f a c e . 
N o l i n e m a n a g e r i s g o i n g t o w o r k w i t h a n a b s t r a c t i o n o r c o m p a c t i o n 
o f r e a l i t y t h a t i s d i f f e r e n t f r o m h i s o w n . A s a r e s u l t , h e m u s t 
u n d e r s t a n d t h e m o d e l t h a t h e i s u s i n g . . . A n o u t s i d e m o d e l , t o b e 
a c c e p t e d t h e r e f o r e , m u s t t r e a t a v e r y s i m p l e p a r t o f t h e p l a n n i n g 
p r o c e s s — s u c h a s t h e e x t e n s i o n o f p r o f o r m a p r o f i t a n d l o s s 
s t a t e m e n t s a n d b a l a n c e s h e e t s . 
T h i s s t r a i g h t f o r w a r d g e n e r a t i o n o f f i n a n c i a l d a t a , w h e n a c c o m p a n i e d 
b y c o n s i d e r a t i o n o f i m p o r t a n t n o n f i n a n c i a l a r e a s ( s u c h a s m a t e r i a l s a n d 
s t a f f i n g r e q u i r e m e n t s ) , c o m p r i s e s t h e m o s t t i m e c o n s u m i n g p a r t o f t h e 
m a n u a l a s s e s s m e n t o f f e a s i b i l i t y . T h e p e r f o r m a n c e o f t h e r e q u i s i t e 
c o m p u t a t i o n s , a n d t h e f a c i l i t y f o r u s e r i n t e r a c t i o n a n d e v a l u a t i o n o f 
m u l t i p l e p a r a m e t e r c o m b i n a t i o n s i s t h e t a s k f o r w h i c h t h e m o d e l d e s c r i b e d 
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h e r e i n b e l o w h a s b e e n d e v e l o p e d . 
3 . 3 I n t e n d e d U s e r C h a r a c t e r i s t i c s 
P e r s o n s w o r k i n g w i t h t h e m o d e l m a y b e g e n e r a l l y c l a s s i f i e d i n t o 
t w o g r o u p s . T h e s e g r o u p s c o r r e s p o n d t o t h e t w o t y p e s o f a c t i v i t i e s 
a s s o c i a t e d w i t h t h e m o d e l : m o d e l m a i n t e n a n c e a n d s u p p o r t , a n d b u s i n e s s 
p l a n n i n g . 
3 . 3 . 1 M a i n t e n a n c e L e v e l 
I n a n o p e r a t i o n a l s e t t i n g , u s e o f t h e m o d e l w o u l d r e q u i r e , a m o n g 
o t h e r t h i n g s : 
1 ) A c c e s s t o a c o m p u t i n g s y s t e m . 
2 ) M o d i f i c a t i o n o f m o d e l a n d / o r d o c u m e n t a t i o n , i f n e c e s s a r y , t o 
f a c i l i t a t e c o m p a t a b i l i t y w i t h t h e s y s t e m b e i n g u s e d . 
3 ) P l a c e m e n t o f m o d e l i n t o a p p r o p r i a t e s t o r a g e m e d i u m . 
k ) C h a n g e s i n m o d e l a n d / o r d o c u m e n t a t i o n a s i n d i c a t e d b y 
e x p e r i e n c e w i t h u s a g e . 
T h e u s e f u l n e s s o f a n y p i e c e o f s o f t w a r e w h i c h p u r p o r t s t o b e o f 
g e n e r a l a p p l i c a b i l i t y i s s e v e r e l y h a m p e r e d b y h e a v y u s e o f p r o g r a m m i n g 
f e a t u r e s i d i o s y n c r a t i c t o a p a r t i c u l a r c o m p u t i n g s y s t e m . T r a n s p o r t a b i ­
l i t y i s a d e s i r a b l e a t t r i b u t e i n t h i s s i t u a t i o n , t o a l l o w f o r u s e w h e r e 
n e e d e d , r e g a r d l e s s o f t h e h a r d w a r e a v a i l a b l e . T h e t r a n s p o r t a b i l i t y o f 
t h e m o d e l i s e n h a n c e d b y t h e e f f o r t t o u s e , t o t h e d e g r e e p o s s i b l e , o n l y 
g e n e r a l l a n g u a g e c h a r a c t e r i s t i c s . F o r t h e m o d e l i n g e f f o r t u n d e r 
d i s c u s s i o n , t h i s m e a n s t h e u s e o f s t a n d a r d F O R T R A N T V ^ , e x c e p t w h e r e 
I t s h o u l d b e n o t e d h e r e t h a t F O R T R A N I V i s t h e m o s t c o m m o n l a n g u a g e f o r 
c o m p u t e r i z e d c o r p o r a t e m o d e l s [ 2 2 , 2 6 ] . 
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compatabi l i ty with the (CDC Cyber 7h) system mandates the use of some 
spec ia l (CDC) convention ( e . g . , the "PROGRAM" statement) . 
Due to the d i f f erences between the implementation of FORTRAN IV 
on var ious systems, i t i s very probable that some modif icat ion of the 
model discussed here w i l l be necessary . This i s unavoidable. The benef i t 
of coding with t r a n s p o r t a b i l i t y in mind i s tha t the number of such 
modif icat ions w i l l be minimized"'". 
Experience with model usage may ind ica te d e s i r a b l e changes in 
assumptions or s t r u c t u r e . Such changes might become ind ica ted , not 
because of the spec ia l i zed needs of one p a r t i c u l a r u s e r , but because of 
environmental changes: p r a c t i c e s c h a r a c t e r i s t i c of one region of the 
country , t a x law changes, e t c . These modif icat ions a l l r e l a t e to making 
the model a v a i l a b l e f o r end use in a s s i s t i n g in new venture planning. 
The types of s k i l l s assoc iated with e i t h e r of these a c t i v i t i e s c l e a r l y 
r e q u i r e f a m i l i a r i t y with the computer in quest ion, as w e l l as higher 
l e v e l (FORTRAN) programming c a p a b i l i t y . 
The need f o r personnel with a computing background should not , 
however, be a problem since constant maintenance i s not envisioned: 
r a t h e r , a minimal one-time e f f o r t t o get the model "up" and running, and 
the performance of any changes t h a t may, from time t o t ime, be necessary. 
"*"Frendeway, Duea, Monarchi and Taylor [20] make the d i s t i n c t i o n between 
" p o r t a b i l i t y " and " t r a n s f e r a b i l i t y . " The l a t t e r term i s defined as the 
extent to which the concepts employed in a model are appl icable to 
d i f f e r i n g s i t u a t i o n s . P o r t a b i l i t y implies t h a t the (computing) resources 
needed f o r model implementation are widely a v a i l a b l e . Given the model­
ing philosophy used and the avoidance of s i t e - s p e c i f i c programming 
p r a c t i c e s , the MVPM s a t i s f i e s both of these c r i t e r i a . 
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3 . 3 . 2 U s e r L e v e l 
The u l t i m a t e m o d e l u s e r w i l l he t h e p e r s o n ( o r g r o u p ) r e s p o n s i ­
b l e f o r and most c o n c e r n e d - w i t h t h e s u c c e s s o r f a i l u r e o f t h e v e n t u r e 
u n d e r c o n s i d e r a t i o n . T h u s , t o be o f maximum u s e f u l n e s s , t h e m o d e l must 
be amenable t o use b y e n t r e p r e n e u r s and o t h e r p e o p l e i n v o l v e d "wi th new 
v e n t u r e p l a n n i n g , management and g u i d a n c e . 
The m o d e l i s t h e r e f o r e o r i e n t e d , i n i t s i n p u t , o u t p u t , and g e n e r a l 
m e t h o d o l o g y , t o w a r d s a u s e r w i t h a g e n e r a l management b a c k g r o u n d , b u t 
l i t t l e o r no e x p e r i e n c e w i t h c o m p u t e r s . T h i s g e n e r a l management b a c k ­
g r o u n d i m p l i e s s u f f i c i e n t c o m f o r t w i t h n o r m a l b u s i n e s s r e p o r t s and 
c o n c e p t s t o a l l o w u n d e r s t a n d i n g o f p r o f o r m a s t a t e m e n t s and o t h e r d o c u ­
ments o f s i m i l a r f o c u s when p r e s e n t e d i n a s t a n d a r d f o r m . Thus t h e 
o u t p u t o f t h e p r o g r a m i s i n f o r m a t s s i m i l a r t o t h o s e u s e d i n m a n u a l l y 
g e n e r a t e d p l a n n i n g d o c u m e n t s , w h i l e t h e i n p u t , i n s o f a r as p o s s i b l e , does 
n o t r e q u i r e k n o w l e d g e o f c o m p u t e r usage ( f o r a d i s c u s s i o n o f t h e 
d e s i r a b i l i t y o f t h i s a p p r o a c h t o m o d e l I / O see Russo [5l]). O b v i o u s l y 
some b a s i c a c t i v i t i e s must be l e a r n e d : g a i n i n g a c c e s s t o t h e s y s t e m , 
d a t a i n p u t , c a l l i n g o f t h e p r o g r a m , e t c . H o w e v e r , t h e y a r e o f s u c h an 
e l e m e n t a r y n a t u r e t h a t t h e i r m a s t e r y s h o u l d pose no p r o b l e m . 
I n summary , a g o v e r n m e n t agency ( s u c h as t h e SBA) o r a f i n a n c i a l 
i n s t i t u t i o n , s h o u l d be a b l e t o m a i n t a i n t h e m o d e l . End u s e r s , w i t h a 
s m a l l amount o f t r a i n i n g , s h o u l d have t h e a b i l i t y t o o p e r a t e t h e m o d e l 
u n a s s i s t e d . G i v e n t h e c o m p l e x i t y o f t h e p r o b l e m w i t h w h i c h t h e y a r e 
f a c e d , t h e s e m a n a g e r - u s e r s s h o u l d f i n d t h a t t h e b e n e f i t s t o be g a i n e d 
f r o m m o d e l u s a g e f a r o u t w e i g h t h e c o s t o f t i m e s p e n t i n l e a r n i n g t o u s e 
i t . 
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CHAPTER I V 
MODEL OVERVIEW 
h.l I n t r o d u c t i o n 
The m a n u f a c t u r i n g v e n t u r e p l a n n i n g m o d e l d e s c r i b e d h e r e has been 
d e v e l o p e d i n a c c o r d a n c e w i t h t h e f o l l o w i n g g u i d e l i n e s : 
1 ) G e n e r a l i z e d s t r u c t u r e r a t h e r t h a n company o r i n d u s t r y 
s p e c i f i c s t r u c t u r e . 
2 ) O r i e n t a t i o n t o w a r d t h e m a n u f a c t u r i n g e n t e r p r i s e . 
3) Case s t u d y s i m u l a t i o n a p p r o a c h . 
h) P r o v i s i o n o f d a t a o f s p e c i f i c u s e f u l n e s s i n new v e n t u r e 
f e a s i b i l i t y a n a l y s i s . 
5 ) C a p a b i l i t y f o r m u l t i p l e s c e n a r i o a n a l y s i s . 
6) F o r m u l a t i o n t o a l l o w f o r m o d e l / u s e r i n t e r a c t i o n d u r i n g p r o c e s s ­
i n g . 
I t e m s one t h r o u g h t h r e e above have been d i s c u s s e d p r e v i o u s l y . 
I t e m f o u r c o n s t i t u t e s t h e c e n t r a l theme o f t h e m o d e l . I t i m p l i e s n o t 
o n l y c o n s i d e r a t i o n and d o c u m e n t a t i o n o f t h e f l o w o f f i n a n c i a l r e s o u r c e s , 
b u t a l s o t h e t r e a t m e n t o f t h e t e c h n i c a l f a c t o r s w h i c h g i v e r i s e t o t h e 
c o s t s u s e d i n t h e d e v e l o p m e n t o f f i n a n c i a l i n f o r m a t i o n . I n t h e c o n t e x t 
o f a c o r p o r a t e o r w h o l e - c o m p a n y m o d e l , t h i s r e q u i r e s t h a t a b a l a n c e be 
a c h i e v e d b e t w e e n t h e g e n e r a t i o n o f r e l e v a n t i n f o r m a t i o n , and t h e 
i n c o r p o r a t i o n o f e x c e s s i v e d e t a i l . 
E f f o r t s a t m o d e l i n g i n an i n d u s t r i a l s e t t i n g m a i n l y f a l l i n t o t w o 
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c a t e g o r i e s — o p e r a t i n g m o d e l s and f i n a n c i a l l y o r i e n t e d c o r p o r a t e 
p l a n n i n g m o d e l s [ 3 0 ] . The f o r m e r a r e s p e c i f i c m o d e l s o f v a r i o u s i s o l a t e d 
a s p e c t s o f t h e b u s i n e s s . They u s u a l l y a r e composed o f c l o s e d f o r m a n a l y ­
t i c o p t i m i z a t i o n t e c h n i q u e s o r d e t a i l e d s i m u l a t i o n o f o p e r a t i o n s - * - . 
C o r p o r a t e p l a n n i n g m o d e l s , on t h e o t h e r h a n d , t y p i c a l l y d e a l s w i t h a l l 
company o p e r a t i o n s as a s i n g l e e n t i t y . They c o n c e n t r a t e on t h e g e n e r a ­
t i o n o f economic i n f o r m a t i o n , o f t e n a t t h e expense o f f u l l t r e a t m e n t o f 
t h e f i r m ' s p r o d u c t i v e o p e r a t i o n s . ' 
I n t h e h i s t o r y o f a p p r o a c h e s t o m o d e l b u i l d i n g , t h e f i r s t 
a t t e m p t s a t m o d e l i n g w e r e t h e c o n s t r u c t i o n o f v a r i o u s o p e r a t i o n a l m o d e l s 
(see Hayes and N o l a n [ 3 0 ] ) . The e a r l y emphasis on t h i s t y p e o f m o d e l was 
due t o s e v e r a l f a c t o r s i n c l u d i n g : 
1 ) P r e v i o u s l y d e v e l o p e d a l g o r i t h m s f o r p r o b l e m a n a l y s i s . 
2 ) C l a r i t y o f s t r u c t u r e i n s p e c i f i c o p e r a t i n g u n i t s . 
3 ) Ease o f o b s e r v a t i o n and a v a i l a b i l i t y o f q u a n t i f i a b l e d a t a . 
k) P r e d i c t a b i l i t y o f i m p o r t a n t e v e n t s and s t r a i g h t f o r w a r d n e s s o f 
a s s o c i a t e d d e c i s i o n c r i t e r i a . 
Q u i t e n a t u r a l l y , a t t e m p t s t o c o n s t r u c t m o d e l s on a c o r p o r a t e 
p l a n n i n g s c a l e w e r e i n i t i a l l y a g g l o m e r a t i o n s o f o p e r a t i n g m o d e l s o f 
v a r i o u s c o n s t i t u e n t f u n c t i o n a l u n i t s . D e s p i t e t h e i n t u i t i v e a p p e a l o f 
t h i s " b o t t o m - u p " a p p r o a c h , t h e s e e a r l y a t t e m p t s l e d t o t h e c r e a t i o n o f 
" . . . i n c r e d i b l e F r a n k e n s t e i n M o n s t e r s w h i c h f o r t u n a t e l y d i e d b e f o r e t h e y 
c o u l d do much harm [ 3 0 ] . " The r e a s o n f o r t h e i n t r a c t a b i l i t y o f t h i s 
An example o f t h e d e t a i l e d s i m u l a t i o n a p p r o a c h i s t h e " M a t e r i a l s S y s t e m " 
d i s c u s s e d b y D e s J a r d i n s and Lee [ 1 3 ] . The m o d e l o f D e s J a r d i n s and Lee 
i s company s p e c i f i c and b o t t o m - u p , as d i s c u s s e d i n C h a p t e r t w o . 
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APPROACH WAS THAT THE DETAIL OF FUNCTIONAL FORM AND DATA NEEDED FOR AN 
ACCURATE OPERATIONAL MODEL QUICKLY GREW UNMANAGEABLE AS THE MODELING OF 
DIFFERENT AREAS WAS COMBINED. 
WHAT I S PRESENTED HERE I S A GENERALIZED FRAMEWORK WHICH I S HOLISTIC 
I N VIEWPOINT. DETAILED CONSIDERATION OF PRODUCTIVE PROCESSES ARE INCOR­
PORATED TO THE DEGREE NECESSARY TO: 
1 ) ALLOW GENERATION OF COST FLOWS FROM TECHNICAL DATA. 
2 ) SUPPLY INFORMATION ON FLOWS OF NONFINANCIAL RESOURCES: MAN­
POWER, ENERGY, RAW MATERIALS, AND FINISHED GOODS. 
3 ) ALLOW FOR EVALUATION OF THE CAPITAL INVESTMENT DECISION AT 
INDICATED POINTS I N THE PLANNING PERIOD. 
THE APPROACH TAKEN I N SPECIFICATION OF THE MVPM MAY BE DESCRIBED 
AS "TOP-DOWN". THIS IMPLIES A LOGICAL PROGRESSION FROM THE DESIRED 
RESULT OF THE MODELING EFFORT, THROUGH THE IDENTIF ICATION OF ITS COMPONENT 
PARTS, ENDING WITH THE SPECIFICATION OF THE DATA REQUIRED FOR MODEL 
OPERATION. 
FOR PURPOSES OF CLARITY OF EXPOSITION, THIS ORDERING WILL BE 
DISTURBED SOMEWHAT, WITH INPUTS AND OUTPUTS I N I T I A L L Y BEING DISCUSSED 
I N THAT ORDER. THEN THE BLACK BOX WHICH LINKS THESE TWO BODIES OF 
INFORMATION — THE SYNTHESIS OF MODEL AND USER — WILL BE DISCUSSED. 
h.2 SCOPE AND LIMITATIONS 
THE VENTURE ANALYSIS FRAMEWORK PRESENTED EARLIER WILL BE USED FOR 
THE BALANCE OF TH IS CHAPTER, AS I T PROVIDES AN EXCELLENT FRAMEWORK FOR 
THE PRESENTATION AND DISCUSSION OF THE LARGE VOLUME OF INFORMATION THAT 
MUST BE CONSIDERED I N THE PLANNING PROCESS. WITH THIS BACKGROUND 
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e s t a b l i s h e d , we now turn t o a d e t a i l e d treatment of model data and 
assumptions. In instances where these may seem o v e r l y r e s t r i c t i v e , the 
reader may i n f e r t h a t the r e s t r i c t i o n s were incorporated in to MVPM to 
al low f o r s tra ight forwardness of model construct ion . Suggestions f o r 
use fu l r e l a x a t i o n of assumptions or form of data entry are deferred u n t i l 
Chapter V I I I . 
The model input quant i t i e s (Table U . l ) are expressed so as to 
conform to t r a d i t i o n a l business data aggregat ions . This approach i s 
taken r a t h e r than data entry being or iented toward the i n t e r n a l construc­
t i o n of the model. Requesting input in a user -or i en ted format i s 
discussed by L i t t l e [37] who s t a t e s t h a t " . . . c o e f f i c i e n t s and constants 
without c l e a r operat iona l i n t e r p r e t a t i o n are to be discouraged. Let 
them be i n f e r r e d by the computer from inputs t h a t are e a s i e r f o r the 
user t o work w i t h . " 
Two poss ib l e exceptions, to t h i s o v e r a l l conformity are the 
t e c h n i c a l inputs numbered eight and n ine . These questions of labor 
p o l i c y would normally be a by-product of day-to-day operating management 
dec i s ions . They must, however, be e x p l i c i t l y defined f o r the model, 
t o prevent f l u c t u a t i o n s of manpower t h a t would negate a l l e f f o r t s at 
expressing rea l i sm in model form and output. This i s cons is tent with 
L i t t l e ' s concept of "robustness" of model design: the incorporat ion of 
safeguards against b i z a r r e r e s u l t s . 
These required inputs are complimented by the model assumptions 
and r e s t r i c t i o n s shown in Table k.2. This l i s t of assumptions i s not 
meant to imply complete treatment of a l l f a c t o r s not mentioned. Rather, 
i t i s an i l l u s t r a t i o n of those f a c t o r s modeled in the indicated form. 
95 










T A B L E h . l 
M o d e l I n p u t s 
P r o d u c t d e m a n d s c h e d u l e b y m o n t h f o r a f i v e y e a r p l a n n i n g 
p e r i o d . 
P r o d u c t p r i c e . 
P e r c e n t a g e o f a c c o u n t s r e c e i v a b l e t h a t a r e u n c o l l e c t a b l e d u e 
t o r e t u r n s , a l l o w a n c e s , a n d b a d d e b t . 
M a r k e t i n g e x p e n s e b u d g e t b y m o n t h , i n c l u d i n g a d v e r t i s i n g a n d 
p r o m o t i o n a l e x p e n s e s , s a l e s m e n s a l a r i e s , c o m m i s s i o n s , t r a v e l 
e x p e n s e s , e t c . 
F i n i s h e d g o o d s p r o d u c t i o n s c h e d u l e b y m o n t h . 
Q u a n t i t y o f e a c h t y p e o f m a t e r i a l r e q u i r e d p e r u n i t o f 
p r o d u c t i o n a n d p e r c e n t a g e s c r a p a n d r e j e c t r a t e s . A l s o , t h e 
s m a l l e s t a v a i l a b l e p u r c h a s e q u a n t i t y , f i x e d a n d v a r i a b l e c o s t , 
a n d o r d e r l e a d t i m e f o r e a c h t y p e o f m a t e r i a l . 
D e s c r i p t i o n o f e q u i p m e n t r e q u i r e d f o r e a c h p r o d u c t i o n s t e p , 
i n c l u d i n g i t s p u r c h a s e c o s t , e x p e c t e d l i f e , s c r a p v a l u e , 
e x p e c t e d p e r c e n t a g e d o w n t i m e , m a x i m u m p r o d u c t i o n r a t e , a n d 
e q u i p m e n t o r d e r a n d s e t u p l e a d t i m e . 
L a b o r r e q u i r e m e n t s f o r e a c h e q u i p m e n t c o n f i g u r a t i o n , i n c l u d i n g 
s k i l l l e v e l ( s ) r e q u i r e d a n d e x p e c t e d p r o d u c t i v i t y i n r e l a t i o n 
t o u s e o f t h i s e q u i p m e n t . 
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T A B L E h . l ( c o n t ' d ) 
5 . L a b o r w a g e r a t e s , a n d c o s t s o f h i r i n g a n d f i r i n g a s a p e r ­
c e n t a g e o f r e g u l a r t i m e m o n t h l y w a g e s . 
6 . W a g e r a t e f o r o v e r t i m e w o r k a n d t h e m a x i m u m a m o u n t o f o v e r t i m e 
w o r k a l l o w e d p e r e m p l o y e e p e r d a y . 
7 - T h e m a x i m u m n u m b e r o f w o r k s h i f t s p e r d a y . 
8 . A l e v e l o f o v e r t i m e w h i c h i s a c c e p t a b l e o n a s e m i - p e r m a n e n t 
b a s i s a n d t h e m a x i m u m n u m b e r o f m o n t h s t h a t t h i s l e v e l m a y b e 
e x c e e d e d . 
9 . M i n i m u m w o r k f o r c e c o n t r a c t i o n p e r i o d : t h e s h o r t e s t t i m e 
b e t w e e n h i r i n g a n d f i r i n g o f a n e m p l o y e e . 
1 0 . B u i l d i n g s q u a r e f o o t a g e r e q u i r e m e n t s a n d m o n t h l y r e n t a l c o s t 
p e r s q u a r e f o o t . 
1 1 . F a c t o r y o v e r h e a d , i n c l u d i n g s u p p l i e s , i n d i r e c t l a b o r , m a i n ­
t e n a n c e a n d r e p a i r , i n s u r a n c e , a n d o t h e r i t e m s n o t e x p l i c i t l y 
i n c l u d e d e l s e w h e r e . O v e r h e a d i s e x p r e s s e d a s a f u n c t i o n o f 
s c h e d u l e d m o n t h l y p r o d u c t i o n h o u r s . 
1 2 . E n e r g y / U t i l i t y t y p e s a n d c o s t s . 
A d m i n i s t r a t i v e 
1 . B u d g e t o f w a g e s a n d s a l a r i e s o f a d m i n i s t r a t i v e p e r s o n n e l n o t 
i n c l u d e d u n d e r m a r k e t i n g e x p e n s e o r f a c t o r y o v e r h e a d . 
2 . O f f i c e e q u i p m e n t p u r c h a s e s b u d g e t . 
3 . A b u d g e t o f o t h e r a d m i n i s t r a t i v e e x p e n s e s b y m o n t h , i n c l u d i n g 
o f f i c e r e n t a l a n d s u p p l i e s , o f f i c e e q u i p m e n t r e n t a l s a n d 
r e p a i r s , a d m i n i s t r a t i v e c o m m u n i c a t i o n a n d t r a v e l e x p e n s e s , 
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TABLE k.l (cont'd) 
Financia l 
1 . Equity c a p i t a l inves ted . 
2 . I n t e r e s t r a t e f o r borrowed funds. 
3. P a y r o l l taxes and fr inge bene f i t s as a percentage of p a y r o l l . 
h. Ad valorem tax r a t e s on inventor i e s and equipment, and minimum 
equipment va lue f o r tax purposes {% of depreciable c o s t ) . 
5 . Income tax and surtax r a t e and break po int . 
6. Minimum cash balance as a percentage of monthly cash outflow 
and outstanding debt. 
7. S t a r t - u p loan amount. 
8. Minimum a t t r a c t i v e r a t e of r e t u r n (annual e f f e c t i v e discount 
r a t e ) t o be used in discounted cash flow c a l c u l a t i o n s . 













Model Assumptions and R e s t r i c t i o n s 
Sa les are for cash payable within 30 days. Therefore payments 
are rece ived at the s t a r t of the month fol lowing the sa l e s 
t r a n s a c t i o n . 
Shipment costs are paid by the customer and do not enter the 
a n a l y s i s . 
I f in any given month, orders are g r e a t e r than the quanti ty of 
product a v a i l a b l e for s a l e , the excess sa les are l o s t r a t h e r 
than backordered. 
The e n t e r p r i s e operates in rented f a c i l i t i e s . 
A l l purchases of m a t e r i a l s , s u p p l i e s , equipment, e t c . are f o r 
cash payable within 30 days. 
The costs of shipment (and i n s t a l l a t i o n i f necessary) of a l l 
m a t e r i a l s , s u p p l i e s , and equipment are included in the cost 
inputs f o r those i tems. 
No i n t e r r u p t i o n in the a v a i l a b i l i t y of m a t e r i a l s , s u p p l i e s , 
equipment, u t i l i t i e s , e t c . 
Learning time f o r new workers to reach f u l l p r o d u c t i v i t y i s 
n e g l i g i b l e . This p o t e n t i a l complexity can be incorporated 
v i a appropriate s e l e c t i o n of the cost of h i r i n g . 
Orders f o r raw m a t e r i a l s and equipment are placed and rece ived 
on a beginning-of-month b a s i s . 
6. 
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TABLE h.2 (cont'd) 
7. Only full time employment is used. 
8. The size and skill class composition of required staffing for 
a given piece of equipment is invariable. 
Administrative/Financial 
1. Wages and salaries are paid at the end of each month. 
2. The enterprise is treated as a corporation for accounting and 
tax purposes. 
3. Income taxes are paid quarterly, within 30 days after the end 
of the quarter. 
k. Funds can be borrowed or repaid monthly. Funds cannot be 
borrowed for periods less than one month. 
5. Inflation is not handled within the model. 
6. Equity investment occurs only once; in the start-up period. 
7. All depreciation is via the straight line method. 
8. All equipment used has expected useful l ife of at least five 
years. 
9. All office equipment has an expected useful l i fe of exactly 
five years. 
10. Wo dividends are paid during the planning period. 
11. Borrowing is done at the beginning of the month, and interest 
is due on any outstanding debt at the end of the month. 
12. Repayment of principal will be made when the cash balance 
exceeds the greater of the minimum desired cash balance and 
the required compensating balance. 
1 0 0 
TABLE k.2 ( c o n t ' d ) 
1 3 . Any a s s e t d i s p o s a l d u r i n g t h e p l a n n i n g p e r i o d i s a t h o o k • 
v a l u e . 
l U . Ad v a l o r e m t a x i s a s s e s s e d a t y e a r end and i s due a t t h e end 
o f t h e f o l l o w i n g q u a r t e r . 
1 5 . P u r c h a s e s d u r i n g t h e s t a r t - u p p e r i o d a r e p a y a b l e d u r i n g t h e 
f i r s t m o n t h o f o p e r a t i o n . 
1 6 . I n t e r e s t on l o a n amounts a c c r u e d d u r i n g s t a r t - u p p e r i o d a r e 
n e g l i g i b l e ( o r i n d e t e r m i n a t e ) . 
1 7 . E q u i p m e n t s a l e s t r a n s a c t i o n s t a k e p l a c e i n t h e same m o n t h t h a t 
r e p l a c e m e n t e q u i p m e n t becomes r e a d y f o r u s e . 
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The assumptions stated would most likely not characterize the 
environment or operations of any particular going concern. But, insofar 
as they might apply to a "typical" manufacturing firm, it is felt that 
they are suitable for use in the analysis of a broad range of new busi­
ness ventures. 
The model output, which is listed in Table U.3, is composed of 
those documents needed for venture feasibility analysis, augmented by 
information needed for planning of operations. The length of the 
planning period chosen (five years) casts the model in the role of an 
"intermediate range" planning tool [9]. The selection of this period 
was admittedly arbitrary. It was chosen primarily in consideration of 
the informational needs which are a part of the process of acquiring 
external funding (either debt or equity); such as", an entrepreneur-
presenting a business plan for consideration by a commercial bank. Five 
years appears to be a reasonable planning horizon, particularly in view 
of the substantial uncertainty associated with the data underlying the 
new venture planning effort. 
An important trade-off between realism of planning results and 
creativity in planning — corresponding respectively to very short and 
very long planning periods — is involved in the selection of a planning 
horizon. 
Nowhere in the whole range of system-design features is the trade­
off between realism and reach more clearly defined than in the 
choice of a planning horizon. The longer the time frame, the wider 
the range of factors which can be varied and thus the broader the 
range of strategies which can be considered... 
At the same time, a longer time span increases the uncertainty 
regarding environmental assumptions, corporate strengths, and the 
financial parameters which shape the strategy formulation and 
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T A B L E k.3 
M o d e l O u t p u t s 
M a r k e t i n g ( m o n t h l y w i t h a n n u a l s u m m a r i e s ) 
1 . S a l e s ( u n i t s a n d r e v e n u e ) . 
2. L o s t s a l e s ( u n i t s a n d r e v e n u e ) . 
T e c h n i c a l ( m o n t h l y w i t h a n n u a l s u m m a r i e s ) 
1 . U n i t s p r o d u c e d . 
2. F i n i s h e d g o o d s i n v e n t o r y ( e n d o f p e r i o d ) . 
3. E m p l o y m e n t b y s k i l l l e v e l ( e n d o f p e r i o d ) , 
k. O v e r t i m e h o u r s w o r k e d b y s k i l l l e v e l . 
5. E q u i p m e n t a d d i t i o n s b y t y p e . 
6. S u r p l u s p r o c e s s c a p a c i t y . 
7. E n e r g y / u t i l i t y u s e i n p r o d u c t i o n a c t i v i t y . 
F i n a n c i a l 
1 . P r o f o r m a c a s h f l o w a n a l y s i s ( m o n t h l y w i t h a n n u a l s u m m a r i e s ) . 
2. P r o f o r m a i n c o m e s t a t e m e n t s ( q u a r t e r l y w i t h a n n u a l s u m m a r i e s ) , 
3. F i n a n c i a l r a t i o s o f p r o f i t a b i l i t y , l i q u i d i t y , e t c . ( a n n u a l ) . 
h. D i s c o u n t e d c a s h f l o w c a l c u l a t i o n o f n e t p r e s e n t v a l u e f o r t h e 
e n t e r p r i s e , a n d t h e s e n s i t i v i t y o f t h i s i n d e x t o v a r i a t i o n s 
w i t h i n a p r e s e t r a n g e a r o u n d t h e s p e c i f i e d d i s c o u n t r a t e ( a t 
e n d o f r u n ) . 
5. G r a p h i c a l d i s p l a y o f m o n t h l y c a s h f l o w s ( a t e n d o f r u n ) . 
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evolut ion process . At some p o i n t , uncer ta in ty overcomes the gain 
in f l e x i b i l i t y [55]. 
C l e a r l y , the uncer ta in ty mentioned in the above quote i s compounded 
in the case of a new venture . A f i v e year horizon seems t o al low a 
reasonable balance between the s t imulat ion of forward thinking on the 
par t of the planner [55], and the avoidance of overconfidence in planning 
data . 
There are two forms of f i n a n c i a l report ing which are conspicuous 
by t h e i r absence: balance sheet information and break-even a n a l y s i s . A 
balance sheet i s not produced by the model, at p r e s e n t , l a r g e l y because 
of the seminal nature of the current work. The necessary aggregation 
and manipulation of data and repor t generations required to y i e l d 
q u a r t e r l y and annual balance sheets i s an obviously des i rab le extent ion 
of the model. 
The model p r e s e n t l y c o l l e c t s enough information to crea te break­
even informat ion , given t y p i c a l assumptions about the sources of s i g n i ­
f i c a n t v a r i a b l e c o s t s . For an es tabl i shed business in a s t a b l e 
environment, accounting e n t i t i e s such as labor expense may be regarded 
as l o c a l l y "fixed", with m a t e r i a l s expense cons t i tu t ing the major 
component of v a r i a b l e cos t . When we examine the i n s t a b i l i t y with which 
the new venture operating environment i s imbued, the vacuousness of such 
assumptions i s apparent. Thus, in order to meaningfully est imate 
break-even (uni t or d o l l a r ) volume of s a l e s , more d e t a i l e d modeling of 
costs must be e f f e c t e d . 
I t should be noted t h a t the user who wishes break-even information 
has access t o i t in the current model; a l b e i t in an approximate sense. 
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One may observe "by inspect ion of the q u a r t e r l y income statements , the 
quarter in which the firm does, in f a c t , break-even: with the l e v e l of 
sa le s at t h a t point approximating break-even s a l e s . 
I t should be noted here t h a t the output described above does not 
n e c e s s a r i l y c o n s t i t u t e the r e s u l t of every run of the model, but r a t h e r 
i s i l l u s t r a t i v e of the range of information t h a t i s a v a i l a b l e . I n t e r ­
act ion with the model on the par t of the user w i l l d i c t a t e what subset 
of t h i s information i s produced in any given run. 
The remaining set of bounds on model scope are r e s t r i c t i o n s on 
the problem s i ze t h a t i t can handle. Such r e s t r i c t i o n s cannot be 
meaningful presented at t h i s p o i n t , s ince they are best expressed in 
terms which have not as ye t been defined. This discussion w i l l t h e r e ­
f o r e be postponed u n t i l sect ion 5.2.1. 
k.3 Model-User In terac t ion 
As w i l l be discussed l a t e r , the model i s of the case study or 
"what i f" v a r i e t y . This implies t h a t problem r e s o l u t i o n w i l l not be 
achieved through some i n t e r n a l optimization procedure, but r a t h e r 
through repeated runs with d i f f e r i n g data . 
In t h i s context , i t i s widely f e l t t h a t a model with i n t e r a c t i v e 
c a p a b i l i t i e s i s needed^-. Through d i r e c t i n t e r a c t i o n the user can: 
. . . p u t a l a r g e number of major or minor questions and r e c e i v e 
back the answer within minutes. This al lows the (user) t o explore 
the outcome of a v a r i e t y of options in a short per iod of t ime. I t 
a l so provides a use fu l medium f o r l earn ing the s t r u c t u r e and 
impl icat ions of the model [ ^ ] . 
See , f o r example, McRae [ ^ ] , Fuehrer [21], Stone et a l . 
Hammond [27]. 
[ 6 l ] and 
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IN ADDITION, INPUT OF CERTAIN DATA FROM THE COMPUTER TERMINAL FACILITATES 
(DATA) ERROR CHECKING AND CORRECTION. FOR THESE REASONS THE MODEL WILL 
UTILIZE INTERACTIVE PROCESSING. THE FLOWS AND COLLECTIONS OF DATA USED 














ONCE THE USER IS IN PROGRAM CONTROL, A QUESTION AND ANSWER COMMAND 
ENVIRONMENT IS ENTERED. THE MODEL SOLICITS USER GUIDANCE USING QUESTIONS 
WHICH MOST OFTEN REQUIRE A RESPONSE OF "YES" OR "NO". INSTRUCTIONS OR 
DATA ARE ENTERED AS INDICATED, WITH ERROR CHECKING OF KEY DATA ITEMS 
PERFORMED IMMEDIATELY. 
INITIAL ENTRY OF A GIVEN VENTURE CONFIGURATION RESULTS IN THIS 
DATA COLLECTION BEING WRITTEN TO DISK IN SUCH A FASHION THAT IT MAY BE 
RELOADED IN SUBSEQUENT RUNS AS THE "PERMANENT MODEL FILE". IF, DURING 
io6 
THE COURSE OF A RUN, THE USER WISHES TO SAVE A PARTICULAR MODIFICATION 
OF THE "BASE CASE DATA, THIS I S ACCOMPLISHED V I A THE USE OF THE "RUN­
TIME MODEL F I L E " . THUS, A "BASE CASE SCENARIO MAY HE STORED I N THE RUN­
TIME F I L E AND RELOADED (HACK INTO CENTRAL MEMORY) AFTER A RANGE OF 
ALTERNATIVES HAVE "BEEN EXAMINED. 
THE CAPABILITY FOR EVALUATION OF MULTIPLE SCENARIOS I S ENHANCED 
BY TWO ADDITIONAL MODEL FEATURES. ONE I S THE OPTION TO STORE LARGE 
AMOUNTS OF OUTPUT I N A TEMPORARY DISK F I L E , SENDING THE INFORMATION TO A 
HIGH SPEED PRINTING DEVICE AT THE END OF MODEL USE. THE SECOND I S THE 
A B I L I T Y TO MODIFY ONLY THOSE DATA FOR WHICH THE USER WISHES TO SEE THE 
RESULTS OF CHANGES. 
THUS, I N A TYPICAL APPLICATION, THE USER I S ABLE TO: 
1 ) GET ON-L INE AND CALL MVPM WITH A PREVIOUSLY CREATED PERMANENT 
DATA F I L E . 
2 ) STORE THIS CONFIGURATION, MODIFIED AS DESIRED, AS THE BASE 
CASE MODEL FOR THIS RUN. 
3) VARY SELECTED DATA, PERFORM SIMULATION, AND DIRECT REQUESTED 
OUTPUT TO THE TEMPORARY OUTPUT F I L E . 
k) RELOAD THE RUN-TIME BASE MODEL AND REPEAT STEP 3. 
5) END THE TERMINAL SESSION WITH ALL OUTPUT PRINTED ON A REMOTE 
HIGH SPEED PRINTER^ -, 
"ANY COMPUTER INSTALLATION WITH SUFFICIENT SIZE TO RUN THE MVPM PROGRAM 
WOULD HAVE SUCH DEVICES WHICH ARE ALSO VARIOUSLY REFERRED TO AS "OFF­
L I N E " OR "ON-SITE" PRINTERS. 
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The user may, of course, request that report display take place at the 
terminal. For this reason, annual "summaries" and plotted output are 
available, in lieu of (or in addition to) monthly "profiles" to reduce 
printing time. 
Further discussion and examples of user/model dialogue are 
contained in Chapter VI. 
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CHAPTER V 
MODEL STRUCTURE 
5 . 1 C o n c e p t u a l S t r u c t u r e 
The MVPM may he c o n c e p t u a l i z e d as t h e u n i o n o f t h r e e s u b s y s t e m s : 
The M a t e r i a l s and P r o d u c t i o n S u b s y s t e m , t h e F i n a n c i a l S u b s y s t e m s , and 
t h e D e c i s i o n S u b s y s t e m . These m o d e l c o m p o n e n t s , t h e i r m u t u a l i n t e r ­
a c t i o n s and u s e o f i n p u t d a t a a r e shown i n F i g u r e 5 . 1 . A M o d e l C o n t r o l 
System ( n o t shown) h a n d l e s t h e f l o w o f i n f o r m a t i o n b e t w e e n t h e s u b s y s t e m s 
t h e i n i t i a t i o n o f t h e i r v a r i o u s a c t i v i t i e s , and t h e c o n t r o l o f c e r t a i n 
d a t a m a n i p u l a t i o n t a s k s . M o d e l o u t p u t i s c o n t r o l l e d v i a a R e p o r t Gene­
r a t o r ( a l s o n o t shown) w h i c h r e t r i v e s a p p r o p r i a t e d a t a i t e m s , a g g r e g a t e s 
and m o d i f i e s w h e r e n e c e s s a r y , and c r e a t e s t h e d e s i r e d o u t p u t s . 
The s t r u c t u r e o u t l i n e d above i s a c l e a r and c o n v e n i e n t manner o f 
d e l i n e a t i n g t h e v a r i o u s a c t i v i t i e s w h i c h c o n s t i t u t e m o d e l o p e r a t i o n . 
I n p r a c t i c e ( i . e . , as p r o g r a m m e d ) , t h e d i s t i n c t i o n b e t w e e n a c t i v i t i e s i n 
d i f f e r e n t " s u b s y s t e m s " i s o f t e n n o t so c l e a r l y d e f i n e d . Thus f o r example 
a p r o g r a m u n i t p r o p e r l y subsumed i n t h e M & P s u b s y s t e m may a l s o compute 
d o l l a r f l o w s as a b y - p r o d u c t o f i t s p r i m a r y f u n c t i o n . D e s p i t e t h i s m i n o r 
c o n f l i c t , t h e s u b s y s t e m d e f i n i t i o n s o u t l i n e d above f a c i l i t a t e p e r s p i c u -
ousness o f p r e s e n t a t i o n , a n d , i n f a c t , s e r v e d as t h e f r a m e w o r k f o r m o d e l 
c o n s t r u c t i o n " * " . 
- ' - I t i s a p p a r e n t t h a t t h i s same p r o b l e m e x i s t s i n m o d e l d e s c r i p t i o n s b y 
o t h e r a u t h o r s . A r e v i e w o f t h e D e s J a r d i n s and Lee [ 1 3 ] and C o r n i n g 
G l a s s w o r k s [6] m o d e l s i s i l l u s t r a t i v e o f t h i s p o i n t . The more d e t a i l e d 
t h e d e s c r i p t i o n b e c o m e s , t h e more d i f f i c u l t i t i s t o a d h e r e t o a 
s p e c i f i e d c l a s s i f i c a t i o n scheme. 
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PROJECTED OPERATIONS DATA 
( 1 ) P r o d u c t i o n S c h e d u l e s 
( 2 ) E x p l i c i t U s e r D e c i s i o n s 
S u b s y s t e m 
t 
E x t e r n a l R e s o u r c e D a t a 
( 1 ) C o s t D a t a 
( 2 ) N o n f i n a n c i a l P a r a m e t e r s 
F IGURE 5 . 1 
CONCEPTUAL STRUCTURE 
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The methodology employed in t h i s t r a n s l a t i o n of production plans 
in to pro forma operat ions and f i n a n c i a l performance i s out l ined in 
Figure 5.2. A m a t e r i a l s requirements planning or "ro l l -back" approach 
i s used t o r e l a t e f in ished goods production to r e q u i s i t e production of 
intermediate p a r t s and purchases of raw m a t e r i a l s ^ . Data on process 
step capaci ty and s t a f f i n g requirements are used to determine o v e r a l l 
employment l e v e l s , s h i f t assignments, and c a p i t a l expansion a c t i v i t y . 
Cost and revenue data i s then c o l l e c t e d and appropriate accounting 
r e l a t i o n s h i p s used to generate data items needed f o r f i n a n c i a l r e p o r t ­
ing. 
5.2 Data Def in i t ion and Organization 
The data used by the model (both input data and computed 
q u a n t i t i e s ) i s organized i n t e r n a l l y , not in terms of the funct ional 
areas of f e a s i b i l i t y a n a l y s i s , but in terms of the operating environment 
of the f i rm. The two c l a s s i f i c a t i o n s used a r e : Projected Operations 
Data, and Operating Resource Data. This r e c l a s s i f i c a t i o n i s use fu l 
s ince i t serves to h igh l ight the d i f f e r e n t data requirements of the 
model components: both the components of the conceptual s t r u c t u r e and 
the program u n i t s used in the computer implementation of the MVPM. 
The general a p p l i c a b i l i t y of the model hinges on the approach 
used in charac ter i z ing the manufacturing a c t i v i t i e s of the f irm under 
study (Figure 5.3). This c h a r a c t e r i z a t i o n i s achieved by the use of 
As used h e r e , "raw m a t e r i a l s " a c t u a l l y r e f e r t o any purchased input to 
the firms product ive process . This r e d e f i n i t i o n g r e a t l y enhances the 
f l e x i b i l i t y of the model, as w i l l be seen in Chapter VI. 
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M o n t h t 
I 
S c h e d u l e d P r o d u c t i o n s I t e m i 
R q u i r e d I n p u t 
T y p e s a n d Q u a n t i t i e s 
I n c r e m e n t a l L o a d 
o n P r o c e s s S t e p 
S c r a p a n d 
R e j e c t R a t e s 
P r o c e s s 
S t e p ^ U s e d 
I n c r e m e n t a l P r o d u c t i o n 
o f I n p u t I t e m s 
I n c r e m e n t a l P u r c h a s e 
o f I n p u t Raw 
M a t e r i a l s 
1 
S u m m a t i o n O v e r A l l P r o d u c t i o n I t e m s 
C a p a c i t y 
E x p a n s i o n 
D e c i s i o n s 
F i n a n c i a l 
D e c i s i o n s 
E m p l o y m e n t 
L e v e l 
P r o F o r m a F i n a n c i a l 
a n d O p e r a t i n g D a t a , 
M o n t h t 
F IGURE 5.2 
R O L L - B A C K PROCESS 
INPUTS OUTPUT 
FIGURE 5.3 MVPM; CHARACTERIZATION OF PRODUCTIVE PROCESSES 
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"process steps" (PS) which are general ized ""black boxes" t h a t may be 
used to represent any part of any operat ion . A process step contains 
a "process conf igurat ion" (PC) which i s a p a r t i c u l a r equipment type used 
to perform the task associated with the PS. Capacity expansion i s thus 
e f fec ted by changing the PC assoc iated with a p a r t i c u l a r process s t ep . 
Personnel are s t r a t i f i e d by s k i l l c l a s s : each PC has a f ixed number of 
personnel of designated s k i l l c lasses which i t requires f o r operat ion . 
The process step used and component p a r t s f o r each f in ished good are 
entered by the user . This , together with data on each PC completes the 
bulk of the information needed to schematical ly represent the manu­
fac tur ing operat ions of a f irm. 
Figure 5.^ shows the data associated with a process s t ep . The 
i d e n t i f i e r s of a l t e r n a t i v e process configurations• which can perform the 
tasks of t h i s step are l i s t e d . This information i s used when the dec i ­
sion i s made to expand capacity and at the s t a r t of s imulat ion , when 
the f i r s t "base case" PC i s put in to s e r v i c e . The operating data 
includes the PC used in t h i s step f o r each month of the planning period 
(based on production requirements) , and the hours down and u t i l i z e d 
(up) during each month. 
Surplus capacity a r i s e s from the assumption t h a t a f u l l eight 
hour day, ho hour week i s the minimum amount of time t h a t a s h i f t can 
work. Given t h i s assumption of f u l l time employment, and the assumption 
that the s i z e and composition of a s h i f t on a given PC i s f i x e d , the 
number of employees (and hence the number of regu lar time hours) i s 
determined by the number of process steps and the process conf igurat ions 
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FIGURE 5.4 PROCESS STEP DATA 
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are not i n v a r i a b l e in. a spec i f i c arrangement of the above f a c t o r s are the 
number of s h i f t s per day, and the number of overtime hours per s h i f t 
month. Storage of these l a s t tvo quant i t i e s in addit ion to the PS/PC 
correspondence r e c o r d , obviates the r e t e n t i o n of any f u r t h e r monthly 
personnel data: a l l l abor operating and f i n a n c i a l flows can be ca lcu­
l a t e d in a s t ra ight forward manner from these t h r e e data t y p e s . 
Process conf igurat ion data i s a l l of the resource v a r i e t y as 
shown in Figure 5»5« The conf igurat ion ID i s used by the model f o r 
l o c a t i o n of information assoc iated with t h i s PC. The "descr ipt ive 
information" i s included s o l e l y f o r documentation purposes to aid the 
user in i n t e r a c t i o n with the model. The order and setup lead times are 
included t o al low ind ica t ion of appropriate purchase t imes , and f o r 
accounting purposes. Investment requirements are included f o r the same 
reason. This f i g u r e must include not only the purchase cost of the 
equipment, but a l so the costs of a l l a c t i v i t i e s required to make i t 
ready f o r s e r v i c e : e . g . , shipping c o s t s , setup c o s t s , f a c i l i t y modif i ­
c a t i o n s , i n i t i a l t e s t i n g , c a l i b r a t i o n , e t c . S i m i l a r l y , f l o o r space 
requirements must be composed of space f o r placement of equipment and 
room needed f o r human a c t i v i t y and movement of mater ia l s required f o r 
production. 
The composition and amount of s t a f f i n g required f o r each PC i s 
considered to be f i xed . Modification of capaci ty may not be achieved 
by decreases in the number of operators in a s h i f t . The d i f f i c u l t y 
f a c t o r assoc iated with the PC allows f o r p a r t i c u l a r problems assoc iated 
with equipment operat ion: over and above the i n t r i n s i c l e v e l of p r o ­
d u c t i v i t y assoc iated with a p a r t i c u l a r s k i l l c la s s of employee. 
P r o c e s s C o n f i g u r a t i o n . 
M a x O u t p u t 
R a t e 
R e q u i r e d 
S t a f f i n g 
b y S k i l l 
C l a s s 
T o t a l 
I n v e s t m e n t 
C o n f i g u r a t i o n 
I D 
A v e r a g e T o t a l 
P e r c e n t a g e 
D o w n t i m e 
A v e r a g e 
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A v e r a g e 
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B a s e C a s e PC 
D i f f i c u l t y 
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I n f o r m a t i o n 
E x p e c t e d 
U s e f u l 
L i f e 
F IGURE 5.5 PROCESS CONFIGURATION DATA 
H H O N 
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Energy sources and assoc iated average v a r i a b l e costs are input 
s e p a r a t e l y as part of model resource data , and each PC descr ipt ion 
includes the kind(s) of energy used and the amount consumed per uni t 
output. 
The l a s t four items of resource data needed to describe the PC 
concern some of i t s important operating c h a r a c t e r i s t i c s . The va lue f o r 
average t o t a l downtime included an aggregate f i g u r e composed of average 
values f o r the percentage of run time that the equipment i s down f o r 
both scheduled and unscheduled maintenance. Extra amounts of scrap and 
r e j e c t s are defined r e l a t i v e to the base case process conf igurat ion used 
in the corresponding process s t ep . Thus these e x t r a percentages f o r the 
base case conf igurat ion would be z e r o , and percentage f o r other PC's 
would r e f l e c t the ( p o s i t i v e or negat ive) d i f f erence in mater ia l l o s s due 
to t h e i r use . 
The maximum output r a t e must be es tabl i shed in r e l a t i o n to normal 
production volume f o r some "typica l" product . As w i l l be mentioned 
l a t e r , added mechanical d i f f i c u l t y assoc iated with production of a 
p a r t i c u l a r item i s dea l t with v i a a f a c t o r which i s par t of each i tem's 
resource data . 
Both f in i shed goods and intermediate par t s a r e considered t o be 
"production items" ( P i ' s ) . The PI data aggregat ion, shown in Figure 
5 . 6 cons i s t s of both resource and operat ions data . The former i s used 
to descr ibe the P i ' s production and the required inputs . The process 
step in which the item i s produced i s i d e n t i f i e d , along with a mechani­
ca l d i f f i c u l t y f a c t o r assoc iated with production of t h i s PI. The use of 
t h i s f a c t o r provides the f l e x i b i l i t y to model s i t u a t i o n s where d i f f e r e n t 
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products are run in an a l t e r n a t i n g fashion at d i f f e r e n t speeds on the 
same machine. For t h i s reason, scrap and r e j e c t r a t e s are a l so a s s o c i ­
ated with P i ' s r a t h e r than with process conf igurat ions . These two r a t e s 
of m a t e r i a l l o s s are not aggregated into a s ing le "loss" index, because 
t h i s would imply t h a t scrappage occurs in a proport ion i d e n t i c a l to tha t 
in which p a r t s or raw m a t e r i a l s are combined to produce a given PI . The 
r a t e s supplied as inputs f o r a given PI are those which would be 
experienced in production of th i s item on the base case PC se lec ted f o r 
the process step which produces t h i s item. The "extra percentages" or 
weighting f a c t o r s which are par t of the PC resource data al low proper 
accounting f o r m a t e r i a l l o s s given capacity expansion in a given process 
s t ep . In t h i s way, MVPM models the combined e f f e c t of process and p r o ­
duced item on l o s s c h a r a c t e r i s t i c s . 
The quant i ty required of each input i s increased to account f o r 
the designated scrap r a t e , and used to contr ibute to the production 
requirements f o r the input . S i m i l a r l y , production of the PI in question 
i s increased to al low f o r the spec i f i ed percentage of r e j e c t s . The 
ac tua l production and the number of r e j e c t e d uni t s are s tored as p a r t of 
the model's operat ions data . 
As Figure 5.7 shows, the user enters the amount of each f in i shed 
good which he wants produced in each month. The modeling philosophy 
used here i s e n t i r e l y compatable with the treatment of intermediate 
production items whose production i s determined v i a the rol l -back, p r o ­
cess . Actual production equals or exceeds u s e r - s p e c i f i e d product ion, 
and i s at a l e v e l such t h a t the net s a l e a b l e amount ( i . e . , t o t a l 











































FIGURE 5.7 FINISHED GOOD DATA 
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user. Thus the planner need only be concerned with specifying production 
in relation to projected demand, and may use the model knowing the 
volume of finished goods that will be available for sale in a given 
month. The computation necessary to account for loss amounts is handled 
by the model, and reflected in the costs of operations during the month. 
Aside from user-specified production, and demand, the finished 
goods operations data is generated by the model. Gross sales are ex­
pressed in units of finished goods, and are the lesser of goods available 
for sale (production and inventory for a given month) or amount demanded. 
The production item identifier is used to relate the "finished 
good" to its role as a production item. For example, finished good 
number 2 may be production item number 1. In computations germane 
to the productive process, it will be referred to by its production 
item number (e.g., in the roll-back process), while in matters involving 
finished goods, it is referred to by its finished goods number. In 
actuality, the "ID" is a simply numerical index which allows straight­
forward mapping of the FG indices onto the PI indices. 
Raw materials (RM) are characterized by the information depicted 
in Figure 5.8. The resource data stored is largely concerned with the 
monetary and temporal costs of raw materials acquisition. The fixed 
order cost and order lead time allow for the expression of all costs 
associated with the process of ordering. The cost per unit completes 
the costing of purchases, which must be at or above the minimum order 
quantity. Operations data is composed of units used in a given month, 
end-of-month inventory, the units which become available (are received) 













































Cases where employees receive a salary may be treated by assigning an 
overtime wage rate of zero. 
As mentioned above, the work force is divided into skill classes 
(Figure 5-9). With each skill class is associated a productivity index 
and wage rates for regular and overtime work". The five items shown 
which are not associated with a particular skill class set the parameters 
of the work environment. They are self-explanatory, with the exception 
of "long-run overtime" and "minimum workforce contract period" which 
were defined in the previous chapter. 
All of the above data are of the resource variety. As mentioned 
previously in this chapter, operations data needed to describe labor 
activity are associated with each process step. Aggregation of this 
information, to generate reports on labor costs or usage for the firm as 
a whole, entails a summation across all process steps. 
The foregoing material illustrates the kind of information 
(resource data) required to describe a given manufacturing situation, 
and the forms in which operations data is collected. It must be 
emphasized that the use of the term process step does not necessarily 
imply a particular sequence of operations. Appropriate characterization 
of steps and produced items will allow modeling of a wide range of 
specialized production sequences. 
As an example, suppose a firm is expected to manufacture a 
single product, which moves between work stations A, B, and C in the 
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f o l l o w i n g m a n n e r ( n u m b e r s o n a r c s i n d i c a t e p r e c e d e n c e ) 
T h i s s i t u a t i o n c a n b e h a n d l e d b y l a b e l i n g t h e o u t p u t f r o m e a c h v i s i t t o 
e a c h w o r k s t a t i o n a s a d i s t i n c t p r o d u c t i o n i t e m . T h e s t a t i o n s t h e n b e ­
c o m e p r o c e s s s t e p s . T a b l e 5 . 1 b e l o w c o n t a i n s a d e s c r i p t i o n o f t h i s 
m a n u f a c t u r i n g s e t u p a s i t w o u l d b e r e p r e s e n t e d f o r u s e w i t h t h e m o d e l . 
T a b l e 5 . 1 S a m p l e M a n u f a c t u r i n g P r o c e s s 
P r o d u c t i o n P r o c e s s I n p u t : F i n i s h e d 
I t e m S t a g e P I / R M G o o d 
B5 B Ck 1 
Ck C A3 
A3 A B2 
B 2 B A l 
A l A R m 
A s t h e t a b l e s h o w s , p r e c e d e n c e r e l a t i o n s h i p s a r e e s t a b l i s h e d b y t h e 
P I / R M i n p u t d a t a s t o r e d w i t h e a c h P I d e s c r i p t i o n . T h u s , m u l t i p r o d u c t 
s i t u a t i o n s m a y b e e a s i l y h a n d l e d s i n c e t h e s e r i e s o f o p e r a t i o n s l e a d i n g 
t o t h e c o m p l e t i o n o f e a c h t y p e o f f i n i s h e d g o o d i s i m p l i c i t i n t h e 
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specification of the components of the good itself. 
This "macro-simulation" approach to modeling avoids the attempted 
simulation of individual units of production or minute transfers of 
information. The design philosophy used is to model the flows and acti­
vities of the productive system as initiated by user-specified production 
plans. Morphological idiosyncrasies of particular productive processes 
and equipment are circumvented via the treatment of only certain important 
characteristics. 
5.2.1 Limits on Problem Size 
Having defined the types of data used, and the manner in which 
they are aggregated, the question of the problem size which the model 
handle may now be addressed. As implemented on the computer, the 
following bounds on input data are in effect: 
Maximum number of: 
Process configurations 30 
Process steps 15 
Alternative configurations 
for any step 3 
Skill classes 6 
Energy/Utility types k 
Production items 20 
Inputs to any item 10 
Items designated as being 
finished goods 5 
Raw materials 20 
Time units months 
Length of planning period 60 
It is readily apparent that the bounds are not consistent in a 
maximal sense: e.g., for the limits given on the number of process steps 
and alternative configurations there should be ^5 process configurations. 
This reflects the belief that, in any given application, there would 
1 2 7 
probably not be t h r e e d i f f e r e n t equipment a l t e r n a t i v e s for every 
product ive a c t i v i t y . A s i m i l a r viewpoint regarding assignment of r e a ­
sonable l i m i t s i s the bas i s for the other upper bounds spec i f i ed . 
5.3 Model Components 
A c t i v i t i e s required for the generation of the operat ions data^ 
described compose the Mater ia l s and Production Subsystem. Thus i t s 
function l a r g e l y cons i s t s of implementing the r o l l - b a c k procedure. 
Modif ications in production schedules and production r a t e s are e f fec ted 
by use , r e s p e c t i v e l y , of scrap and r e j e c t r a t e s , and d i f f i c u l t y and 
p r o d u c t i v i t y ind ice s . Information regarding operations i s s tored f o r 
l a t e r processing by the Financia l Subsystem. This al lows e f f e c t s of 
a c t i v i t i e s in the present on past periods ( e . g . , purchases in the past 
of capaci ty needed in the p r e s e n t , t o al low f o r setup time) to be 
accounted f o r without rerunning the model. 
The Financia l Subsystem i s p r i m a r i l y concerned with bookkeeping 
a c t i v i t i e s . Flows of monetary resources are ca lcu la ted f o r each month, 
based on a c t i v i t i e s and t r a n s a c t i o n s during the month. This information 
rep laces monthly data f o r the previous month, and i s used to update data 
accumulations f o r q u a r t e r l y , annual, and end of planning period r e p o r t ­
ing. This process i s i l l u s t r a t e d in Figure 5 . 1 0 . 
The Decision Subsystem i s an aggregation of modules (subroutines) 
used to implement dec i s ions . Figure 5 . 1 1 shows the decis ion modules 
which t h i s system conta ins . 
•'-With the exception of f in i shed goods demand and u s e r - s p e c i f i e d p r o ­
duction which are model input . 
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T h e C a p i t a l E x p a n s i o n M o d u l e c o n s i s t s o f a n a l y t i c a l s t e p s 
n e c e s s a r t t o i m p l e m e n t n e e d e d c a p i t a l e x p a n s i o n . C a p a c i t y m u s t h e s u f ­
f i c i e n t t o m e e t p r o d u c t i o n s c h e d u l e s f o r f i n i s h e d g o o d s . E x p a n s i o n w i l l 
t a k e p l a c e u s i n g g i v e n i n c r e m e n t a l i n v e s t m e n t o p t i o n s . T h i s i s n e c e s s a r y 
t o a v o i d a n i n t e r n a l d e c i s i o n a s t o w h i c h f i n i s h e d g o o d s p r o d u c t i o n t o 
c u r t a i l . T h i s p r o c e s s ( F i g u r e 5 . 1 2 ) i s i n i t i a t e d b y i n f o r m a t i o n f r o m 
t h e e m p l o y m e n t m o d u l e i n d i c a t i n g t h a t c a p a c i t y i s i n s u f f i c i e n t . T h e 
a c t i o n t h e n t a k e n i s t o a d d t h e n e e d e d c a p a c i t y . I f a v a i l a b l e a l t e r n a ­
t i v e s p r o v e i n s u f f i c i e n t , u s e r a c t i o n i s r e q u i r e d : e i t h e r a d e c r e a s e i n 
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i s a g i v e n p r o c e s s s t e p . 
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F IGURE 5 . 1 2 
C A P I T A L EXPANSION MODULE 
1 3 1 
S t a f f i n g l e v e l s and e q u i p m e n t s p e c i f i c a t i o n a r e m o d i f i e d i n 
r e s p o n s e t o s c h e d u l e d m a c h i n e r u n - t i m e as d e s i g n a t e d b y t h e M a t e r i a l s 
and P r o d u c t i o n S u b s y s t e m . I f t h e number o f o p e r a t i n g h o u r s s c h e d u l e d 
exceeds a s i n g l e r e g u l a r s h i f t - m o n t h t h e d e c i s i o n i s made r e g a r d i n g over­
t i m e , s h i f t i n c r e a s e s o r c a p i t a l e x p a n s i o n . The m e c h a n i c s o f t h e 
d e c i s i o n p r o c e s s ( F i g u r e 5 . 1 3 ) a r e r e g u l a t e d b y t h e c r i t e r i o n t h a t e v e r y 
e f f o r t be made t o u t i l i z e t h e c u r r e n t c o n f i g u r a t i o n . G i v e n t h a t a 
p a r t i c u l a r c o n f i g u r a t i o n i s u s e d i n a p a r t i c u l a r p r o c e s s s t e p , r e p l a c e ­
ment o f t h i s PC b y one o f h i g h e r c a p a c i t y o c c u r s o n l y i f t h e number o f 
h o u r s needed b y t h i s PC t o p r o d u c e a s s i g n e d p r o d u c t i o n q u a n t i t i e s w o u l d : 
1 ) r e q u i r e more t h a n t h e maximum a l l o w a b l e number o f o v e r t i m e 
h o u r s on t h e maximum number o f s h i f t s , o r , 
2 ) r e q u i r e more t h a n t h e maximum p e r m i s s a b l e number o f c o n s e c u ­
t i v e h i g h ( a b o v e l o n g - r u n l e v e l s ) o v e r t i m e months on t h e 
maximum number o f s h i f t s . 
The r a t i o n a l e b e h i n d t h i s a p p r o a c h i s as f o l l o w s . The t y p i c a l 
new v e n t u r e p l a n n e r / m a n a g e r must be a c u t e l y aware o f cash f l o w 
c o n s i d e r a t i o n . I t i s t h e r e f o r e r e a s o n a b l e t o assume t h a t he w o u l d be 
w i l l i n g t o p o s t p o n e l a r g e o u t l a y s f o r c a p i t a l a c q u i s i t i o n , i f a v o i d a n c e 
o f t h e s e e x p e n d i t u r e s w o u l d n o t compromise t h e f r a m e w o r k o f p o l i c y and 
p h y s i c a l l i m i t a t i o n s i n w h i c h h i s b u s i n e s s o p e r a t e s . 
I n t h e case w h e r e t h e number o f h o u r s r e q u i r e d i s l e s s t h a n t h e 
number o f r e g u l a r t i m e h o u r s f o r t h e number o f s h i f t s b e i n g u s e d , t h e 
number o f s h i f t s w i l l be d e c r e a s e d u n l e s s : 
1 ) t h e r e i s o n l y one s h i f t b e i n g u s e d , o r 
2 ) t h e number o f m o n t h s s i n c e t h e l a s t s h i f t i n c r e a s e i s l e s s 
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t h a n t h e m i n i m u m c o n t r a c t i o n p e r i o d . 
T h e F i n a n c i a l D e c i s i o n M o d u l e ( F i g u r e 5 . l U ) i s c o m p o s e d o f c a s h 
a n d d e b t m a n a g e m e n t f u n c t i o n s . S i m p l e d e c i s i o n r u l e s a r e m o d e l e d a s a 
p a r t o f t h i s m o d u l e . T h e m o d u l e w i l l b o r r o w a s d i c t a t e d b y c a s h f l o w i n 
a g i v e n m o n t h a n d t h e d e s i r e d c a s h c u s h i o n a n d d e b t - m a n d a t e d c a s h r e ­
s e r v e s . I f t h e m o n t h ' s n e t c a s h f l o w e x c e e d s t h e m i n i m u m a m o u n t n e e d e d 
f o r c o m p e n s a t i n g b a l a n c e o r t r a n s a c t i o n s p u r p o s e s , i t w i l l b e u s e d t o 
r e t i r e o u t s t a n d i n g d e b t . 
5 . U E l e m e n t s o f L o g i c S t r u c t u r e a n d E q u a t i o n a l F o r m 
I n t h e r e m a i n d e r o f t h i s c h a p t e r , t h e e q u a t i o n s a n d l o g i c a l 
c o n s t r u c t s w h i c h g o v e r n t h e t r a n s f o r m a t i o n o f u s e r - e n t e r e d d a t a i n t o p r o 
f o r m a o p e r a t i n g i n f o r m a t i o n a r e e x a m i n e d . T h i s i s i n n o w a y a n a t t e m p t 
t o i l l u s t r a t e a n d e x p l a i n a l l o f t h e m u l t i t u d i n o u s c a l c u l a t i o n s a n d f l o w s 
o f c o n t r o l w h i c h c o m p o s e t h e p r o g r a m f o r m o f t h e m o d e l ( A p p e n d i x B ) . 
O n l y t h o s e i t e m s m o s t e s s e n t i a l t o a n o v e r a l l u n d e r s t a n d i n g o f m o d e l 
f u n c t i o n i n g w i l l b e p r e s e n t e d . D i s c u s s i o n o f f i n a n c i a l r e p o r t g e n e r a t i o n 
i s c o n t a i n e d i n C h a p t e r V I . 
5 . ^ . 1 S c h e d u l i n g o f P r o d u c t i o n 
I t i s a s s u m e d t h a t t h e t o t a l t i m e n e c e s s a r y t o c o n v e r t p u r c h a s e d 
m a t e r i a l s i n t o a n y d e s i r e d q u a n t i t y o f f i n i s h e d g o o d s i s n o m o r e t h a n 
o n e m o n t h . T h e r e f o r e , r e c e i p t s o f m a t e r i a l s a n d p r o d u c t i o n o f i n t e r ­
m e d i a t e p r o d u c t i o n i t e m s c a n a l l o c c u r i n t h e m o n t h t h a t t h e f i n i s h e d 
g o o d s w h o s e p r o d u c t i o n t h e y s u p p o r t a r e p r o d u c e d . T h e a p p r o a c h t a k e n 
h e r e , w h i l e i t m a y n o t b e r e a l i s t i c f o r s o m e i n d u s t r i e s , i s b e l i e v e d 
t o b e t h e p r e f e r r e d c h o i c e , p a r t i c u l a r l y i n v i e w o f t h e e x p l o r a t o r y 
13^ 
O p e r a t i o n s 
D a t a 
O p e r a t i o n s 
D a t a 
O p e r a t i o n s 
D a t a 
7 
1 
i n a n e i a l 
. D e c i s i o n M o d u l 
D e t e r m i n e 
• C a s h O u t f l o w , 
M o n t h t 
* 
D e t e r m i n e 
, C a s h C u s h i o n 
& R e q u i r e d 
B a l a n c e s 
T 
D e t e r m i n e : 
1 ) R e q u i r e d 
B o r r o w i n g 
2) D e b t R e t i r e m e n t 
^ R e t u r n ^ 
F IGURE 5 . 1 4 
F I N A N C I A L D E C I S I O N MODULE 
135 
nature of the present work since it greatly simplifies the logic and 
computational requirements of the model. 
As noted earlier, production items and data regarding their com­
ponent parts compose the model's precendence relation information. The 
roll-hack procedure is used to establish needed levels of production of 
the various items. If the user were permitted to enter Pi's in an 
arbitrary order, a situation might arise similar to the one shown below: 
Here, Pl(2) and Pl(3) are inputs to Pl(l), and Pl(2) is also an 
input to Pl(3). Since the roll-back would start with the finished good 
(Pl(l)) production requirements for 2 and 3 to support (directly) 
finished good production would be simultaneously set. Another pass 
would be required to establish the additional production of Pl(2) needed 
to support production of Pl(3). Expanding this example to include 
multiple finished goods composed of numerous interdependent Pi's would 
greatly increase the complexity of the problem and thus adversely affect 
model processing speed. 
A solution may be found to this difficulty by placing a restric-
t i o n on t h e o r d e r o f i n p u t o f P i ' s , and hence t h e i n t e r n a l n u m b e r i n g 
a s s i g n e d t o t h e m . I t i s n e c e s s a r y t h a t t h e y be o r d e r e d so t h a t , i f 
numbered i n a s c e n d i n g o r d e r , no P I has as an i n p u t a P I w h i c h i s a s s i g n e d 
a l o w e r number : i . e . , a P I t h a t p r e c e d e s i t i n t h e o r d e r o f i n p u t . 
W h i l e t h i s does impose an added b u r d e n on t h e m o d e l u s e r , f o r most a n a ­
l y s e s w i t h i n t h e scope o f e n v i s i o n e d m o d e l u s a g e , t h i s s h o u l d n o t be 
v e r y d i f f i c u l t . Any d i f f i c u l t y w h i c h m i g h t a r i s e can be g r e a t l y r e d u c e d 
b y t h e m e t h o d d e s c r i b e d b e l o w w h i c h i s an a d a p t a t i o n o f J a c k s o n ' s [ 3 1 ] 
m e t h o d f o r s c h e m a t i c r e p r e s e n t a t i o n o f a s s e m b l y l i n e o p e r a t i o n s . 
The p r o c e d u r e r e q u i r e s t h a t P i ' s be p l a c e d on d e s c e n d i n g l e v e l s 
( s e e T a b l e 5 . 2 ) o f a t a b u l a r f o r m . I t e m s p l a c e d i n l e v e l 1 w o u l d be 
t h o s e t h a t a r e u s e d as i n p u t s t o no o t h e r i t e m , and t h e y t h e r e f o r e w o u l d 
compose t h e l i s t o f f i n i s h e d g o o d s . On s u c c e e d i n g l e v e l s a r e e n t e r e d 
t h o s e i t e m s w h i c h a r e i n p u t s t o t h o s e i t e m s a l r e a d y e n t e r e d on h i g h e r 
l e v e l s . Thus no i t e m r e q u i r e s as i n p u t any P I on t h e same o r h i g h e r 
l e v e l . As a c o n s e q u e n c e o f t h i s , t h e l a s t ( l o w e s t ) l e v e l w o u l d be 
composed o f raw m a t e r i a l s , a l t h o u g h some RM's may be p l a c e d on h i g h e r 
l e v e l s : t h e o n l y r e s t r i c t i o n i s t h a t t h e y a p p e a r a t l e a s t one l e v e l 
b e l o w any P i ' s f o r w h i c h t h e y a r e i n p u t s . 
The P I i n p u t sequence now r e d u c e s t o s t a r t i n g - f r o m t h e t o p l e v e l 
and w o r k i n g down. I t e m s i n a g i v e n l e v e l may be e n t e r e d i n a r b i t r a r y 
o r d e r s i n c e , b y c o n s t r u c t i o n , no i n t r a - l e v e l p r e c e d e n c e r e l a t i o n s e x i s t . 
The MVPM i n t e r n a l l y a s s i g n s numbers t o t h e P i ' s i n t h e o r d e r i n w h i c h 
t h e y a r e e n t e r e d . A s s u m i n g t h a t p r o p e r o r d e r i n g has been o b s e r v e d , t h e 
r o l l - b a c k p r o c e s s b e g i n s w i t h t h e e v a l u a t i o n o f t h e f i r s t P I ( P l ( l ) ) 
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T a b l e 5.2 T a b u l a r Form f o r S e q u e n c i n g o f P r o d u c t i o n I t e m s 
I n p u t 
L e v e l P r o d u c t i o n I t e m s / R a w M a t e r i a l s 
F i n i s h e d 
1 : Goods 
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and p r o c e e d s t h r o u g h u n t i l t h e l a s t P I has been t r e a t e d . I m p l i c i t i n 
t h e above d i s c u s s i o n have been t h e a s s u m p t i o n s t h a t 
1 ) No f i n i s h e d g o o d can be an i n p u t t o any o t h e r p r o d u c t i o n i t e m . 
T h i s may a p p e a r r e s t r i c t i v e o f a f i r m w h i c h s e l l s i n t e r m e d i a t e 
i t e m s t o a l l o w c u s t o m e r s t o keep s p a r e p a r t s , e t c . T h i s 
d i f f i c u l t y can be c i r c u m v e n t e d b y c r e a t i n g a s e c o n d p r o d u c t i o n 
i t e m , composed o f i d e n t i c a l i n p u t s , and d e s i g n a t i n g i t as a 
f i n i s h e d g o o d . 
2) No c y c l e s a r e p e r m i t t e d : i . e . , no i t e m may be a d i r e c t o r 
i n d i r e c t i n p u t t o any i t e m t h a t i t r e q u i r e s as an i n p u t . T h i s 
p r o b l e m s h o u l d n o t a r i s e e x c e p t i n t h e case o f a u s e r i n p u t 
e r r o r . The m o d e l c h e c k s f o r s u c h e r r o r s . 
The t o t a l p r o d u c t i o n t i m e f o r a p r o c e s s s t e p i n a g i v e n m o n t h i s 
t h e sum o f t h e t o t a l number o f h o u r s t h a t t h e s t e p was a c t u a l l y u t i l i z e d 
and t h e number o f h o u r s t h a t i t was down. The number o f h o u r s u t i l i z e d 
must be s u f f i c i e n t t o p r o d u c e t h e s c h e d u l e d number o f u n i t s o f each P I 
p r o d u c e d o n t h i s s t e p . The d e r i v a t i o n o f t h e s e q u a n t i t i e s i s shown 
5.h.2 P r o cess S t e p O p e r a t i o n s 
b e l o w . 
MINPD , = m i n {PRINDX 0 x ( l - PCDFAC 
P C sc s c p c 1 , s c 
)} (5-D 
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HRSUTL Ps , t 
N 
x SCHPD x MCHDF 
Pi .ps p i , t p i 
MAXOR , x MINPD , pc ' pc f 
(5-2) 
HRSDN 
p s , t 
HRSUTL 
= AVGDN x P s , t 
p c ' (1-AVGDN .) 
pc' 
(5-3) 
TOTPH = HRSUTL + HRSDN 
ps , t p s , t ps , t 
where 
MINPD , pc' smal les t mul t ip le of s k i l l c la s s p r o d u c t i v i t y index and labor d i f f i c u l t y f a c t o r for s k i l l c la s s sc on 
process conf igurat ion pc. 
HRSUTL. + = hours u t i l i z e d in process ps in month t . 
P-9 •» u 
HRSDN, l g ^ = hours down in process step ps in month t . 
PRINDX 
sc 
p r o d u c t i v i t y index f o r s k i l l c la s s sc (PRINDX = 1 = > 
normal p r o d u c t i v i t y ) . 
pc' = process conf igurat ion used in process step ps in 
month t . 
P C D F A C p s • , s c = labor d i f f i c u l t y f a c t o r assoc iated with use of s k i l l 
c l a s s sc on process conf igurat ion pc' (PCDFACpC, g c e 
( - c o , l ] , PCDFAC = 0 = > normal d i f f i c u l t y ) , pc ,sc 
N = number of production i tems. 
SCHPD p i , t scheduled uni t production of production item pi in month t . 
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1 i f i t em p i i s produced on s t e p ps 
6 . 
P 1 , P S 1 0 o t h e r w i s e 
MAXOR = "maximum" output f o r p r o c e s s c o n f i g u r a t i o n p c . 
MCHDF . = mechan ica l d i f f i c u l t y f a c t o r a s s o c i a t e d w i t h p r o d u c t i o n 
P 1 o f p r o d u c t i o n i tem p i (MCHDF i e [ 0 , « ) , MCHDFpi = 1 = > 
normal d i f f i c u l t y ) . P 1 
AVGDN , = a v e r a g e p e r c e n t t o t a l downtime f o r p r o c e s s c o n f i g u r a -
P ° t i o n p c ' . 
T0TPHpS ^ - t o t a l p r o c e s s s t e p ps o p e r a t i n g h o u r s , month t . 
Equat ion ( 5 - l ) d e f i n e s t h e l i m i t i n g combinat ion o f low p r o d u c t i ­
v i t y and h igh d i f f i c u l t y a s s o c i a t e d w i t h one o f t h e s k i l l c l a s s e s needed 
t o o p e r a t e t h e c o n f i g u r a t i o n used i n p r o c e s s s t e p p s . I t s d i v i s i o n 
i n t o t h e o p e r a t i n g h o u r s de termined p u r e l y from mechanica l c o n s i d e r a t i o n s 
(Equat ion 5 - 2 ) ) a l l o w s t h e t o t a l p r o d u c t i o n hour f i g u r e (Equat ion 5 - * + ) ) 
t o r e f l e c t l a b o r c h a r a c t e r i s t i c s . 
As Equat ion ( 5 - 5 ) shows, s u r p l u s c a p a c i t y o c c u r s as a r e s u l t o f 
i n s u f f i c i e n t p r o d u c t i o n h o u r s t o e q u a l o r exceed one r e g u l a r t i m e s h i f t 
month f o r t h e number o f s h i f t s b e i n g used i n t h e c u r r e n t month"'". 
TOTPH 
SURCAP = Max ( 0 , [ ( 1 7 3 . 2 - p - ^ 2 - ) * MAXOR , 
P S , t SHFCNT . P C 
ps , t 
x (l-AVGDN , ) x MINPD_ , ] } ' ( 5 - 5 ) \ p c T pc 
1 7 3 . 2 h o u r s 5 2 w e e k s / y e a r x ko work h o u r s / w e e k 
month 1 2 m o n t h s / y e a r 
1 4 1 
where 
SURCAP Surplus capacity in process step ps f o r month t . 
Measured in the same (item) un i t s used t o define the 
"maximum" output r a t e f o r configurat ion p c 1 . 
p s , t 
SHFCNT. p s , t Number of s h i f t s per day used in process step ps f o r month t . 
Care must be taken in the s p e c i f i c a t i o n of the maximum machine 
(conf igurat ion) output r a t e . This i s p a r t i c u l a r l y t r u e in the case 
where t h e r e e x i s t s a great d i s p a r i t y in processing speed f o r d i f f e r e n t 
production items produced on the same process s t ep . While cons is tent 
se t s of maximum output r a t e s and mechanical d i f f i c u l t y f a c t o r s w i l l 
y i e l d the same operating hour and downtime information, meaningful 
i n t e r p r e t a t i o n of the surplus capaci ty f igure r e s t s e n t i r e l y on proper 
va lua t ion of the maximum output r a t e . This i s because determination of 
excess capac i ty cannot take into account the mechanical d i f f i c u l t y 
f a c t o r assoc iated with items produced on the step in quest ion. To see 
why t h i s i s t r u e , one need only consider a two f in ished good case with 
d i f f e r e n t r a t e s of use of var ious input i tems. The actual capaci ty in 
any month would be dependent upon the user spec i f i ed production mix. I f 
the mix in each month were used to weight appl ica t ion of d i f f i c u l t y 
f a c t o r s , then inter-month comparabi l i ty would be l o s t . A d d i t i o n a l l y , 
any a p r i o r i assumption used to incorporate the d i f f i c u l t y f a c t o r s in to 
surplus capaci ty determination would be f a l l a c i o u s in the dynamic 
environment which i s the intended s e t t i n g f o r model use . 
The maximum output r a t e must t h e r e f o r e be defined in terms of some 
"standard" item, using t h a t item which has the lowest production r a t e . A 
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n u m e r i c a l e x a m p l e w h i c h i l l u s t r a t e s t h i s i s s u e i s g i v e n i n C h a p t e r V I I . 
5 . ^ . 3 M a t e r i a l L o s s a n d I n p u t R e q u i r e m e n t s 
A s d i c t a t e d b y t h e r o l l - b a c k p r o c e s s , s u f f i c i e n t i n p u t s t o a n d 
t o t a l p r o d u c t i o n o f a n i t e m a r e s c h e d u l e d s o t h a t , a f t e r t h e e f f e c t s o f 
m a t e r i a l l o s s , t h e n e e d e d q u a n t i t y o f u s a b l e p r o d u c t i s p r o d u c e d . T h e 
r e q u i s i t e p r o d u c t i o n a m o u n t s a n d r e s u l t a n t l o s s a m o u n t s a r e c o m p u t e d a s 
s h o w n b e l o w " ' " . 
L e t R I p j _ 1 " b e a d i r e c t i n p u t t o p r o d u c t i o n i t e m P I p ^ ( p i < p i ' o r , 
e q u i v a l e n t l y , P l ^ - r i s o n a h i g h e r l e v e l t h a n P I . , , w h e r e " l e v e l " i s a s 
P - L P - L 
d e f i n e d i n s e c t i o n 5 . ^ . 1 ) . F u r t h e r , l e t p c a n d p c 1 b e i n d i c e s o f t h e 
p r o c e s s c o n f i g u r a t i o n s u s e d , i n m o n t h t , i n t h e p r o c e s s s t e p s o n w h i c h 
P I p j _ a n d P I p j _ » a r e r e s p e c t i v e l y , p r o d u c e d . T h e a m o u n t o f i t e m p i ' n e e d e d 
t o s u p p o r t p r o d u c t i o n o f i t e m p i i s t h e s u m o f t h e b a s e p r o d u c t i o n 
a m o u n t , P B A S E - , . ^ , a n d l o s s a m o u n t , A M L O S S . : 
P B A S E . t . = S C H P D . ^ x I N Q T Y . . . ( 5 - 6 ) p i ! , p i , t p i , t ^ p i , p i ! 
S C R A P R . . , . = I N S C P . x ( 1 + A V G X S C ) ( 5 - 7 ) 
p i ' , p i , t P i , p i 1 P c 
R E J R . , = A V G R E J . , x ( l + A V G X R J , ) ( 5 - 8 ) p i , t p i ' p c 1 
( S C R A P R . t . , + R E J R . , ) P B A S E 
A M L O S S . , . = P 1 ' p l > t p l ^ P 1 i P M ( 5 . 9 ) p i ' , p i , t . _ , w y > ( 1 - [ S C R A P R _ . t . . + R E J R . , 1 ) p i ' , p i , t p i ' , t 
- ' " R e c a l l t h a t p r o d u c t i o n q u a n t i t i e s o f t h o s e i t e m s w h i c h a r e f i n i s h e d 
g o o d s a r e t h e u s e r - i n p u t a m o u n t s , i n c r e a s e d t o a l l o w f o r r e j e c t s . 
1 4 3 
and the added r e j e c t amount from t h i s production i s 
ADDREJ. ̂ i + = REJR . . (AMLOSS . , + PBASE ) ( 5 - 1 0 ) p i P 1 ^ p i ' , p i , t P i ' , p i , t 
where 
INQTY ^ t = Units of input item p i ' per uni t output of item p i . 
SCRAPR . . , , = Scrap r a t e assoc iated with use of item p i ' in 
p i , p i ' t . 
production of item p i , given use of process configu­
r a t i o n pc. 
AVGXSC = Average percent e x t r a scrap r a t e over base case 
conf igurat ion associated with conf igurat ion pc. 
REJR^, ^ = Reject r a t e f o r production of item p i ' in month t . 
AVGREJ . , = Average percent r e j e c t r a t e f o r production of item 
p i ' . 
AVGXRJ , = Average percent e x t r a r e j e c t r a t e over base case 
conf igurat ion assoc iated with conf igurat ion p c ' . 
Total production and r e j e c t amounts f o r item p i ' in month t (SCHPD^, ^ 
and UNREJ . , , r e s p e c t i v e l y ) are given by pi ,"C 
p i ' - l 
SCHPD.,. = 7 [PBASE . , . + AMLOSS . . . ^] ( 5 - 1 1 ) P 1 * ^ p i ' , p i , t p i ' , p i , t J 
p i ' - l 
U I f f i E J p i \ t = J=i K E J H p . , ) t x [ P B A S E p . , 5 p . ) t + « O O S S p l l > p l t t ] 
= R E J B p i , x SCHPD t (5-12) 
1 4 4 
SIMILAR COMPUTATIONS YIELD THE AMOUNTS OF RAW MATERIAL RM^t 
NEEDED FOR PRODUCTION OF SCHEDULED QUANTITIES OF ITEM PI: 
RBASE . . . = SCHPD . . X INQTY . , (5-13) RM',PI,T PI,T ^ PI,RM' 
SCRAPR , . ̂  = INSCP . , X (L-AVGXSC ) (5-1*0 RM ,PI,T PI,RM' PC' 
SCRAPR , . X RBASE , . ^ 
S C R A P m - , p i , t - ( 5 - 1 5 ) 
( l - S C R A P R r m , ) p . j t ) 
WHERE 
RBASE , . = BASE USAGE AMOUNT OF RAW MATERIAL RM' M PRODUCTION RM' ,PI ,T . ., . . ...  * OF ITEM PI IN MONTH T. 
TOTAL USAGE OF RAW MATERIAL RM' IN MONTH T (RMUSED , , ) IS THUS GIVEN 
RM',T ° 
hy 
RMUSED . . = 7 (RBASE . . , + SCRAP , . J (5-L6) RM' T . N RM',PI,T RM' PI,T PI=L 




This chapter presents information on MVPM as i t e x i s t s in program 
form. Aspects of program s t r u c t u r e are presented, as w e l l as d e t a i l s 
of program I/O. A thorough study of a l l progi'am uni t s and t h e i r i n t e r ­
act ions i s not undertaken. Only those port ions of programming which are 
of bene f i t in explaining methodology or aid in i n t e r p r e t a t i o n of inputs 
or generated r e p o r t s are discussed. The reader who i s i n t e r e s t e d in 
the d e t a i l s of the MVPM program i s r e f e r r e d to the p a r t i a l l i s t i n g con­
ta ined in Appendix B. I t contains extens ive i n t e r n a l documentation, and 
should not be d i f f i c u l t f o r anyone f a m i l i a r with the FORTRAN language 
to understand. 
6 . 1 Overa l l Program Organization and Flow of Control 
The o v e r a l l flow of contro l in MVPM i s shown in Figure 6 . 1 . Once 
within program c o n t r o l , the user s p e c i f i e s whether or not a p r e v i o u s l y 
saved model i s t o be used, or whether he wishes to c r e a t e a new one. 
The user may then l e a v e program c o n t r o l , or e l e c t to run a simulation 
based on the model t h a t he has j u s t created or loaded. Subsequent r e ­
runs a f t e r des ired changes in model data are p o s s i b l e . A macro flow 
chart of the s imulation process i s shown in Figure 6 . 2 . The r o l l - b a c k 
process i s performed f o r each month in the planning per iod . 
S t a r t i n g with f in i shed goods, production amounts and process 
operat ing hours f o r a l l production items and ( i n i t i a l ) usages f o r a l l 
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MVPM: S I M U L A T I O N PROCESS 
1 4 8 
r a w m a t e r i a l s a r e c o m p u t e d . S t a r t i n g w i t h t h e base case c o n f i g u r a t i o n 
i n each p r o c e s s s t e p i n month 1 , p r o c e s s s t e p s a r e i n i t i a l l y a s s i g n e d 
t h e PC u s e d i n t h e p r e v i o u s m o n t h . I f e x p a n s i o n becomes n e c e s s a r y ( b y 
t h e c r i t e r i a d i s c u s s e d i n s e c t i o n 5 . 3 ) , o p e r a t i o n s d a t a e n t r i e s f o r t h e 
m o n t h a r e z e r o e d , and s i m u l a t i o n f o r t h e m o n t h i s p e r f o r m e d a g a i n . T h i s 
i s done so as t o f u l l y r e f l e c t t h e d i f f e r e n t c h a r a c t e r i s t i c s o f t h e 
n e w l y i n s t a l l e d PC on r e s o u r c e c o n s u m p t i o n . I n t h e e v e n t t h a t p r o d u c t i o n 
a t a s t e p r e q u i r e d t o meet some u s e r s p e c i f i e d p r o d u c t i o n l e v e l exceeds 
t h e c a p a c i t y o f t h e h i g h e s t c a p a c i t y PC s p e c i f i e d f o r t h i s s t e p , t h e 
s i m u l a t i o n i s t e r m i n a t e d . A d i a g n o s t i c s i m i l a r t o t h a t shown i n F i g u r e 
6 . 3 i s p r i n t e d a t t h e t e r m i n a l , and t h e u s e r i s p e r m i t t e d t o m o d i f y d a t a 
as n e e d e d . 
A f t e r t h e m a n u f a c t u r i n g a c t i v i t y f o r a l l months has been s e t , r a w 
m a t e r i a l p u r c h a s e s a r e m o d i f i e d t o r e f l e c t minimum o r d e r q u a n t i t y 
r e s t r i c t i o n s . The a l g o r i t h m e m p l o y e d h e r e i s i l l u s t r a t e d i n T a b l e 6 . 1 
and d e s c r i b e d b e l o w : 
S t e p 1 : A s s i g n p u r c h a s e s as needed t o s a t i s f y r e q u i r e m e n t s ; 
t a k i n g o r d e r l e a d t i m e s i n t o a c c o u n t . A l l m a t e r i a l s 
o r d e r e d d u r i n g s t a r t u p a r e assumed t o be a v a i l a b l e i n 
p e r i o d o n e . T h u s , f o r p o s i t i v e l e a d t i m e T, o r d e r s t o 
s a t i s f y need i n m o n t h ( s ) t <_ T a r e o r d e r e d d u r i n g 
s t a r t u p and h e l d as i n v e n t o r y u n t i l n e e d e d . 
S t e p 2 : B e g i n n i n g w i t h m o n t h ( 6 0 - T ) , i f t h e o r d e r q u a n t i t y 
f o r a g i v e n m o n t h i s l e s s t h a n t h e minimum o r d e r q u a n t i ­
t y , s h i f t o r d e r t o p r e v i o u s m o n t h . T a b l e 6 . 1 shows t h e 
e f f e c t s o f t h i s s t e p i n t h e t r a n s i t i o n f r o m t h e c o l u m n 
DO YOU WISH TO MODIFY SELECTED DATA? (YES OR NO) 
? NO 
DO YOU WISH FURTHER DATA MODIFICATION AND/OR DISPLAY? (YES OR NO) 
? NO 
DO YOU WISH TO RERUN SIMULATION? (YES OR NO) 
? YES 
* * *NEEDED EXPANSION I S NOT POSSIBLE AT PROCESS STEP 1 : SDGAR 
* * *LARGEST PC SPECIF IED FOR USE WITH THIS PS I S t ST/DG2 
* * * A PC WITH HIGHER CAPACITY OR A DECREASE I N MONTH 5 PRODUCTION 
MUST BE S P E C I F I E D . 
DO^YOU WISH CURRENT MODEL TO BE STORED AS THE TEMPORARY ( R U N - T I M E ) BASE MODEL' 
DO YOU WISH TO MODIFY AND/OR DISPLAY DATA?(YES OR NO) 
? YES 
Figure 6.3 Process Step Infeasibility Diagnostic 
VO 
T a b l e 6 . 1 . R a w M a t e r i a l s P u r c h a s i n g A l g o r i t h m : E x a m p l e 
M o n t h 













A m o u n t 
R e q u i r e d 
1 8 7 . 5 0 
1 8 7 . 5 0 
3 9 2 . 5 0 
3 9 2 . 5 0 
3 9 2 . 5 0 
1 + 6 0 . 5 0 
6 1 U . O O 
7 5 1 . 0 0 
9 0 1 + . 5 0 
1 0 1 + 0 . 5 0 
1 2 2 8 . 0 0 
1 3 6 5 . 0 0 
N e w O r d e r s 
I n i t i a l 
A s s i g n m e n t 
I I 
N e w O r d e r s : 
A f t e r l s t P a s s 
T o S a t i s f y M I N O Q 
+ 1 + 5 . 5 + 1 6 5 . 5 + 2 2 1 . 5 = 
I I I 
N e w O r d e r s : 
A f t e r S t a r t u p 
R a i s e d T o 1 2 0 0 
1 2 0 0 . 0 0 
0 
1 2 0 0 . 0 0 
0 
0 
1 2 0 0 . 0 0 
0 
1 7 2 3 . 5 0 
0 
1 2 2 8 . 0 0 
1 3 6 5 . 0 0 
o 
N O T E S : 1 . ) M i n i m u m O r d e r Q u a n t i t y = 1 2 0 0 u n i t s 
2 ) O r d e r L e a d T i m e = 2 M o n t h s 
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I t o the column labe led I I . Orders are aggregated u n t i l 
the cumulative order in a month i s over the minimum 
order quanti ty of 1 2 0 0 u n i t s . As column II shows, the 
s t a r t u p period order may s t i l l not be l a r g e enough. 
Step 3 : I f the s tar tup order i s l a r g e enough, s top. Otherwise, 
beginning with month one, s h i f t t o the s t a r t u p period 
an order whose s i ze i s the l e s s e r of: 
1 ) the excess over the minimum order quanti ty of the 
order in the month, or 
2 ) the amount needed to bring the s tar tup order up to 
minimum order quant i ty . 
The t r a n s i t i o n from column II to column I I I in Table 
6 . 1 i l l u s t r a t e s t h i s process . Only par t of the excess 
over the minimum in month 7 was needed to s a t i s f y mini­
mum order quant i ty r e s t r i c t i o n s in the s t a r t u p per iod . 
Step h: I f the s t a r t u p order i s s t i l l too smal l , s h i f t the e n t i r e 
order from a nonzero order month to the s t a r t u p p e r i o d , 
s t a r t i n g with month 1 . Because of Step 3 , a l l p o s i t i v e 
orders at t h i s point w i l l exac t ly equal the minimum 
order quant i ty . 
I f the s t a r t u p order s t i l l i s l e s s than the minimum order quanti ty 
a f t e r Step k, then a l l orders f o r the e n t i r e planning period sum t o 
l e s s than the spec i f i ed minimum order quant i ty : c l e a r l y a data entry or 
s p e c i f i c a t i o n e r r o r has occurred. MVPM takes act ions s i m i l a r to those 
taken f o r a process step i n f e a s i b i l i t y : a diagnost ic i s p r i n t e d , and 
user modif icat ion of data i s al lowed. 
1 5 2 
Once the raw m a t e r i a l s purchasing has "been adjus ted , the simula­
t i o n i s completed. A message i s pr in ted at the terminal to ind ica te 
t h i s f a c t , and the user may then s e l e c t the context and d i spos i t i on of 
i t s model output. The r e p o r t s which are produced are discussed f u r t h e r 
in sect ion 6 .3. 
6.2 Data Entry 
Data entry i s g e n e r a l l y organized along the l i n e s of the data 
c o l l e c t i o n s set f o r t h in Chapter V: process steps and conf igura t ions , 
production i tems , e t c . Addi t ional c l a s s i f i c a t i o n s are provided f o r 
" e n e r g y / u t i l i t y data" and "general f i n a n c i a l data". I f the user e l e c t s 
not t o use a p r e v i o u s l y saved model during i n i t i a l data e n t r y , then a l l 
data items necessary to perform a simulation must be generated. Figure 
6.k i l l u s t r a t e s par t of t h i s process . 
The data in Figure 6.k i s f o r a simple model which w i l l be used 
t o i l l u s t r a t e MVPM input and output f o r the balance of t h i s chapter . 
There are t h r e e production items - two v a r i e t i e s of "widget" which are 
f in i shed goods, and an intermediate assembly. Raw m a t e r i a l s used are 
wood and g lue . There are two process s teps : an assembly area and a 
f in i sh ing a r e a . There are a l so two process configurat ions of d i f f e r e n t 
capac i ty . Figure 6.5 i l l u s t r a t e s f u r t h e r d e t a i l s of the user -entered 
information. 
The generation of schedules f o r f in i shed goods demand and p r o ­
duct ion , o f f i c e equipment and admin i s t ra t ive s a l a r i e s , sa le s and market­
ing expense, and admin i s t ra t ive expense i s performed using the schedule 
generat ion function i l l u s t r a t e d in Figure 6 .U . The user may speci fy 
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******************#*FINISHE:D GOODS DATA, 
INPUT NUMBER OF FINISHED GOODS 
<WHOLE NUMBER BETWEEN 1 AND 5) 
? 2 
ENTER THE NAME OF THE PRODUCTION ITEM WHICH IS FINISHED GOOD NUMBER 1 
? WIDGET1 
ENTER THE NAME OF THE PRODUCTION ITEM WHICH IS FINISHED GOOD NUMBER 2 
? WIDGET2 
ENTER T IN ORDER T PRICE<S) (*) FOR FINISHED GOOD<S>. WIDGET1 WIDGET2 
(NUMBERS MUST BE SEPERATED BY COMMAS) 
? 7.00 15.00 
*****USER DIRECTED SCHEDULE GENERATION- SCHEDULE TYPE: DEMAND 
******FINISHED GOOD NUMBER i: WIDGET1 
ENTER BEGINNING AND ENDING MONTH TO BE TREATED. 
? 1 60 
DO YOU WISH TO ENTER 60 NUMBERS FOR THE DEMAND 
LEVEL IN EACH MONTH (POINTS), OR THE LEVEL IN MONTHS 1 AND 60, ALLOWING 
THE MODEL TO CALCULATE A STRAIGHT LINE BETWEEN THEM (LINE). 
===>ENTER "POINTS* OR "LINE". 
? LINE 
ENTER DEMAND FOR MONTHS 1 THROUGH 60. 
===>2 NUMBERS: FIRST- MONTH 1 DEMAND 
SECOND- MONTH 60 DEMAND 
? 10 1200 
IF SCHEDULE MUST BE COMPOSED OF WHOLE NUMBERSr TYPE * YES* T OTHERWISE TYPE "NO". 
? YES 
DO YOU WISH TO ENTER MORE DATA ON DEMAND ? 
(TYPE YES OR NO) 
? NO 
F i g u r e 6.k D e m a n d S c h e d u l e E n t r y 
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- M V P R U N ( M V P M 0 D = U I D M 0 D 3 ) 
*************************************** 
==========> MANUFACTURING VENTURE P L A N N I N G MODEL <========== 
RUN D A T E : 7 8 / 0 8 / 1 8 . 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * I N I T I A L DATA ENTRY. 
DO YOU WISH TO RUN A MODEL THAT HAS BEEN STORED ON THE C O M P U T E R ? (TYPE YES OR N O ) 
? YES 
DO YOU WISH A LISTING OF ALL DATA ITEMS? 
(TYPE YES OR N O ) 
? YES 
* * * * * * * * * * * * * * * * * * * * E N E R G Y / U T I L I T Y DATA. 
E/U COST 
NUMBER NAME D E S C R I P T I O N UNITS PER U N I T 
1 GAS L I Q U I F I E D NATURAL GAS CUBIC FEET .025 
2 E L E C / 2 2 0 220 V O L T / F E E D E R * A216T GA. POUER KVH .225 
Figure 6.5 User-Entered Data 
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* * * * * * * * * * * * * * * « * * * * P E R S 0 N N E L DATA. 
SC RT OT PRODUCTIVITY 
NUMBER NAME WAGE WAGE INDEX 
1 LABOR 3.50 7,00 .90 
2 OPERATOR 5.00 10.00 1.00 
3 CRAFTSMAN 7.00 14.00 1.10 
MAXIMUM NUMBER OF C O N T I G U O U S HIGH OVERTIME MONTHS? 1. 
MAXIMUM O V E R T I M E H O U R S PER MAN PER D A Y . 8. 
A C C E P T A B L E S E M I - P E R M A N E N T OVERTIME LEVEL <HDURS/DAY)J 2 . 
MAXIMUM NUMBER OF S H I F T S PER D A Y . 2 . 
MINIMUM W O R K F O R C E CONTRACTION P E R I O D - SMALLEST NUMBER OF 
M O N T H S BETWEEN HIRE AND FIRE? 3. 
* * * * * * * * * * * * * * * * * * * * R A U M A T E R I A L S DATA. 
RM 
NUMBER NAME D E S C R I P T I O N U N I T S 
1 PINE WOOD GEORGIA YELLOW P I N E B R D . F E E T 
2 G L U E E P 0 X Y . 2 0 0 0 PSI T E S T . T H O M A S SUPPLY P I N T S 
FIXED VARIABLE RM MINIMUM 
ORDER COST PER ORDER ORDER 
NUMBER NAME COST UNIT LEAD TIME Q U A N T I T Y 
1 PINE W O O D 1.00 .25 0. 100.00 
2 G L U E 1.25 1.20 1. 15.00 
Figure 6.5 cont'd 
********************PROCESS CONFIGURATION DATA. 
PC 
NUMBER NAME DESCRIPTION 
1 TABLE-1 SMALL TABLE 
2 TABLE-2 LARGE ABLE 
ORDER SETUP MAXIMUM AVERAGE A V G . X EXTRA OVER BASE CASE 
PC LEAD LEAD EXPECTED OUTPUT TOTAL V. 
NUMBER NAME TIME TIME LIFE RATE DOWNTIME R E J E C T S SCRAP 
1 TABLE-1 1. 0. 1 0 . 10.0 0.000 0.000 0.000 
2 TABLE-2 4. 1. 6. 15.0 .050 0.000 0.000 
PC TOTAL DEPRECIABLE SALVAGE FLOOR E N E R G Y / U T I L I T Y USE PER OPERATING HOUR. 
NUMBER NAME INVESTMENT COST VALUE SPACE G A S ELEC/220 
1 TABLE-1 125.00 100.00 10.00 6 0 . 0 0 0.000 0.000 
2 TABLE-2 3 5 0 . 0 0 300.00 50.00 150.00 0.000 .050 
PC * LABOR * OPERATOR * CRAFTSMAN * 
NUMBER NAME * S T F G . D I F . *STFG. DIF. » S T F G . D I F . * S T F G . D I F . * S T F G . D I F . * S T F O . D I F . 
1 TABLE-1 * 6. .10 * 0. 0.00 * 1. 0.00 * 
2 TABLE-2 * 3. 0.00 * 1. 0.00 * 1. .15 * 
********************PR0CESS STEP DATA. 
P S ALTERNATIVE PROCESS CONFIGURATIONS t 
NUMBER NAME 1 2 3 
1 ASSY AREA TABLE-1 T A B L E - 2 
2 FIN AREA TABLE-2 
Figure 6.5 cont'd 
********************PRODUCTION ITEM DATA• 
PI 
NUMBER NAME DESCRIPTION 
MECH. DIF. A V G , X PRODUCED 
FACTOR R E J . RATE ON P S . 
WIDGET1 STANDARD WIDGETr SINGLE VERSION 
W I D G E T 2 STANDARD WIDGETr DOUBLE VERSION 











INPUT Q T Y . PER 
UNIT OF OUTPUT 
INPUT SCRAP RATE 
IN PRODUCTION OF OUTPUT 
1 WIDGET1 
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********************FINISHED GOODS DATA. 
FG FG/PI 
NUMBER NAME PRICE 
1 WIDGET1 
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1 2 
UIDGET1 U I D G E T 2 
USER INPUT USER INPUT 
M O N T H DEMAND PRODUCTION DEMAND PRODUCTION D E M A N D 
1 10.00 250,00 200.00 100.00 
3 0 , 0 0 264,00 219.00 122.00 
3 50.00 279,00 237,00 144.00 
4 71.00 293,00 256,00 166.00 
5 91.00 308,00 275,00 188.00 
6 111.00 322,00 293,00 210.00 
7 131.00 336,00 312,00 2 3 2 . 0 0 
8 151,00 351.00 331,00 254.00 
9 171.00 365,00 349,00 276.00 
10 192.00 3 8 0 , 0 0 368,00 2 9 8 . 0 0 
11 212.00 394,00 386,00 320.00 
12 232.00 408,00 405,00 342.00 
13 2 5 2 , 0 0 4 2 3 , 0 0 4 2 4 , 0 0 3 6 4 . 0 0 
14 272,00 437,00 442,00 386,00 
15 292,00 452,00 461,00 408,00 
1 li 313.00 . 00 .CO 17 3  4 8 1 , 0 0 498,00 453.00 
18 353.00 495,00 517,00 475.00 
19 3 7 3 . 0 0 5 0 9 , 0 0 536,00 497,00 
20 393.00 524,00 554,00 5 1 9 . 0 0 
21 413,00 5 3 8 , 0 0 573,00 541.00 
2 2 434,00 5 5 3 , 0 0 592.00 563.00 
23 4 5 4 , 0 0 5 6 7 , 0 0 610.00 5 8 5 . 0 0 
24 474,00 5 8 1 . 0 0 629.00 6 0 7 . 0 0 
25 494,00 596,00 647.00 6 2 9 . 0 0 
26 5 1 4 , 0 0 610,00 666.00 651.00 
2 7 534,00 625,00 685.00 6 7 3 . 0 0 
2 8 555,00 639,00 703,00 695.00 
29 575.00 653,00 722,00 717.00 
30 595,00 6 6 8 , 0 0 741,00 739.00 
31 6 1 5 , 0 0 682,00 759,00 761.00 
32 635,00 697,00 778,00 783,00 
33 655,00 711.00 797,00 8 0 5 . 0 0 
34 676,00 725,00 815,00 8 2 7 . 0 0 
35 696,00 740,00 834,00 8 4 9 . 0 0 
36 716,00 754,00 8 5 3 . 0 0 8 7 1 . 0 0 
37 736,00 7 6 9 . 0 0 8 7 1 , 0 0 893.00 
38 756,00 783,00 890,00 915.00 
39 776,00 797.00 908,00 937.00 40 797,00 8 1 2 , 0 0 9 2 7 . 0 0 959.00 
41 817,00 826,00 946,00 9 8 1 . 0 0 
4 2 8 3 7 , 0 0 8 4 1 . 0 0 964,00 1003.00 
43 857.00 855.00 983.00 1025.00 
44 877,00 869.00 1002.00 1047.00 
45 897,00 884.00 1020.00 1069.00 46 918,00 8 9 8 . 0 0 1039.00 1092.00 
4 7 9 3 8 , 0 0 913.00 1058.00 1114,00 
48 9 5 8 , 0 0 927.00 1076.00 1136.00 
49 9 7 8 , 0 0 9 4 2 . 0 0 1095.00 1158.00 
50 9 9 8 , 0 0 956.00 1114.00 1180.00 
51 1018,00 9 7 0 . 0 0 1132,00 1202.00 
52 1039,00 9 8 5 . 0 0 1151.00 1224.00 
53 1059,00 999.00 1169.00 1246.00 
54 1079.00 1014.00 1188.00 1268.00 
55 1099.00 1028.00 1207.00 1290.00 
56 1119,00 1042.00 1225.00 1312.00 
57 1139,00 1057.00 1244.00 1334.00 
58 1160.00 1071.00 1263.00 1356.00 
59 1180,00 1086.00 1281.00 1378.00 
60 1200.00 1000.00 1300.00 1300.00 
Figure 6.5 cont'd 
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* * * * * * * * * * * * * * * * * * * * G E N E R A L FINANCIAL DATA. 
PERCENT UNCOLLECTABLES (EXPRESSED AS A FRACTION OF G R O S S S A L E S ) . .60 
PLANT BUILDING MONTHLY RENT (* PER S . F . K 4.00 
PLANT OH (* PER SCHEDULED PS OPERATING H O U R M .50 
INITIAL EQUITY AMOUNT (*K 10000.00 
E F F E C T I V E ANNUAL INTEREST R A T E : .11 
PAYROLL TAXES AND FRINGE BENEFITS (AS FRACTION OF TOTAL PAYROLL)X .05 
CORPORATE INCOME TAX R A T E : .26 
CORPORATE INCOME SURTAX R A T E : .22 
INCOME BREAKPOINT OVER WHICH SURTAX A P P L I E S (*): 5 0 0 0 0 . 0 0 
COST OF HIRING (AS FRACTION OF MONTHLY RT W A G E ) : .25 
COST OF FIRING (AS FRACTION OF MONTHLY RT WAGE > J .10 
MINIMUM DESIRED CASH BALANCE ($)J 1000.00 
M T W c - F n ' n raeij ua\ A w r t r i act c D A r r r n u n c n i i T C T A w r p i ^ p DEBT> t .10 
STARTUP LOAN AMOUNT (*): 10000.00 
AD VALOREM TAX RATE ON EQUIPMENT HAS FRACTION OF BOOK V A L U E ) : .05 
AD VALOREM TAX RATE ON INVENTORY (AS FRACTION OF BOOK V A L U E ) : .05 
MINIMUM TAXABLE EQUIPMENT VALUE (AS FRACTION OF D E P R E C I A B L E COST) t .18 
MONTH 
A D M I N I S T R A T I V E 
S A L A R I E S (*) 





A D M I N I S T R A T I V E 
E X P E N S E (*) 




4 7 4 . 5 8 
4 9 3 . 2 2 
511.86 
530.51 
5 4 9 . 1 5 
567.80 
586.44 
6 0 5 . 0 8 
6 2 3 . 7 3 
6 4 2 . 3 7 
6 6 1 . 0 2 
679.66 
698.31 




7 9 1 . 5 3 
8 1 0 . 1 7 
828.81 
847.46 
8 6 6 . 1 0 
8 8 4 . 7 5 
9 0 3 . 3 9 
9 2 2 . 0 3 
9 4 0 . 6 8 
9 5 9 . 3 2 
9 7 7 . 9 7 
996.61 





























5 2 7 . 1 2 
































































1 4 2 . 3 7 
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35 1033.90 618.64 0.00 157.63 
36 1052.54 633,90 0.00 1 5 9 . 3 2 
37 1071.19 649.15 0.00 161.02 
38 1089.83 664.41 0.00 162,71 
39 1108.47 679.66 0,00 164.41 
40 1127.12 694,92 0.00 166.10 
41 1145.76 710,17 O.OC 167.80 
42 1164.41 725,42 0.00 169.49 
43 1183,05 740.68 0.00 171.19 
44 1201.69 755.93 0.00 172.88 
45 1220,34 771.19 0.00 174.58 
46 1238.98 786,44 0.00 176.27 
47 1257,63 801.69 0,00 177.97 
48 1276,27 816.95 0,00 179.66 
49 1294,92 832.20 0.00 181.36 
50 1313.56 847.46 0.00 183.05 
51 1332,20 862.71 0.00 184.75 
5 2 1350.85 8 7 7 , 9 7 0.00 186.44 
53 1369,49 8 9 3 . 2 2 0.00 188,14 
1 TOO 1 A or* O A "7 55 1406.78 923.73 0,00 1 9 1 . 5 3 
56 1425,42 938,98 0.00 193,22 
57 1444,07 954,24 0.00 194,92 
58 1462.71 969,49 0.00 196.61 
59 1481.36 984.75 0,00 198.31 
60 1500.00 1000.00 0.00 200.00 
DO YOU WISH TO MODIFY AND/OR DISPLAY DATA? <YES OR N O ) 
? NO 
Figure 6.5 concluded 
161 
point -by-po int data e n t r y , or l i n e a r i n t e r p o l a t i o n between two s p e c i f i c 
v a l u e s , or any combination of the two. Maximum f l e x i b i l i t y i s thus com­
bined with the reduct ion in data entry burden afforded by the l i n e a r 
i n t e r p o l a t i o n r o u t i n e . 
Once a model f i l e has been crea ted , i t may be modified (perma­
nent ly or f o r a p a r t i c u l a r run) v i a the c a p a b i l i t i e s i l l u s t r a t e d in 
Figure 6.5- The data entry process i s e s s e n t i a l l y the same as t h a t user 
f o r i n i t i a l data e n t r y , with the exception tha t in the modif icat ion 
process , only se l ec ted data are a l t e r e d . 
6.3 Model Output 
6.3.1 Operations Reporting 
The fo l lowing operating r e p o r t s may be obtained: 
Process Step Operations P r o f i l e (and Summary) 
Production Item Production P r o f i l e (and Summary) 
Raw Mater ia l s P r o f i l e (and Summary) 
Finished Goods Sales P r o f i l e (and Summary) 
Process Step Employment P r o f i l e 
Comprehensive Employment P r o f i l e 
Capi ta l Expansion P r o f i l e 
E n e r g y / U t i l i t y Usage P r o f i l e (Summary) 
A l l P r o f i l e s a r e monthly, while summaries are on an annual b a s i s . 
Examples of each repor t type are shown in Tables 6.2 through 6 . 9 . 
Table 6.2 i l l u s t r a t e s the dynamics of an expansion of capac i ty . 
In month 3 5 , the assembly area changes from use of TABLE-1 to TABLE-2. 
The e f f e c t of the percentage downtime of Table 2 i s apparent , as i s i t s 
1 6 2 
T a b l e 6 . 2 P r o c e s s S t e p O p e r a t i o n s P r o f i l e 




OT HRS ACTIAL SURPLUS CAPACITY t 
HCURS H0U<?S HOURS SHIFTS PER. H A N , OUTPUT FRACTION 
SCHEDULED UTILIZED DOWN F£P UAY PER SHIFT (UNITS* UNITS OF OUTPUT 
1 TABLE-1 97.8 9 7 . a 0. 03 1. 0.0 7?2.o 6 1 1 . .77 CM TABLE-1 10 7.8 
107. e 0.00 1. 0. 0 873.0 5 3 0 . .61 3 TABLE-1 118.4 118.4 0.00 1. D. 0 959. 0 4*4. .46 
4 TABLE-1 128.1 i2e. i 0.00 1. 0.0 1038.0 365. .35 
5 TA3L£-1 138.6 138.6 a.oo 1. 0.0 1123.0 2 8 3 . .25 
6 TAJLE-1 148.6 148.6 o.ao 1. O.Q 1204.0 199. .17 
7 TA8LE-1 15 8.8 158, 8 a. oo 1. 0. 0 12e6.0 1 1 7 . . 09 
6 T ABLE-1 168.9 168,9 0.D0 1. 0. 0 1368.0 35 . .03 
9 TABLt-1 179.3 175. 3 0.00 1. 6.1 1452.0 0. 0.00 
10 TABLE-1 189.5 189.5 0.00 . 1. 16.3 1535.0 0. 0.00 
11 TABLE-1 199.6 195. 6 0.00 1. 26.4 1617.0 0. 0.00 
12 TA8LE-1 209.5 209.5 0.00 1. 3 6.3 1657.0 0. o.ao 
13 TAOLE-1 219.9 219.9 C .00 1. 4 6 . 7 1781.0 0. 0.00 
14 TAOLE-1 229.9 229.9 0.00 2. 0.0 1862.0 4 7 2 . .25 
15 TABLE-1 240.4 240.4 0. 00 2. 0. 0 1947.0 4 2 9 . .22 
16 TABLE-1 250.9 250.9 0. 00 2. 0. 0 2022.0 3 d 7 . .19 
17 T ABLE-1 261. 0 261 . 0 o.co 1. 8 7 . 8 2114.0 a. 0.00 
18 TAdLE-1 271.0 2 7 1 . 0 0.00 2. 0.0 2195,0 3 0 5 * .14 
19 TABLE-1 281.2 281.2 0.00 2. 0. 0 2278.0 2 6 4 . .12 
20 TAOLE-1 291.5 2 9 1 . 5 0.00 2. 0.0 2361.0 2 2 2 . .09 
21 TABLE-1 301.4 3 0 1 . 4 0.00 1. 128. 2 2441.0 0 . u.oo 
22 TABLE-1 212.0 3 1 2 . 0 0.00 2 . 
0. u 2527.0 1 3 9 . .06 23 TABLE-1 322.1 3 2 2 . 1 0.00 2 . 0.0 2605.0 9 8 . .04 
2*. TAbLE-1 33 2.1 3 3 2 . 1 0. 00 2. a.a 2650.0 5 8 . .02 
25 T ABLE-1 342.2 342.2 0.00 1. 169. 0 2772.0 0. 0. 00 
2b TABLE-1 35 2.3 3 5 2 . 3 0.00 2. 3.0 2854.0 0. U.OO 
27 TABLE-1 362.7 3 6 2 . 7 0.00 2 . 8.2 2938.0 0. 0. 00 
26 TAOLE-1 373.0 3 7 3 . 0 0.00 2. 13. 3 3021.0 0. o.oo 
29 TABLE-1 38 2.8 3 8 2 . a 0.00 2. 18.2 3101.0 0. 0. 00 
30 TA8LE-1 393.2 3 9 2 . 2 0.00 2. 2 3.4 3185.0 0. 0.00 
31 TABLE-1 40 3.3 403.3 0.00 2 . 28.5 3267.0 0. a.oo 
32 TAdLE-1 413.6 4 1 3 . 6 0.00 2. 33. 6 3350.a a. 0. 00 
33 TABLZ-1 423.6 423.6 0.00 2. 38.6 3 4 3 1 . 0 0. 0. 00 
34 TABLE-1 433.8 433. 8 0.00 2. 4 3 . 7 3514.0 0. 0.00 
35 T ABLE-2 28 0.5 266.5 1 4 . 03 2. 0.0 3558.0 4 2 2 . .12 
36 TABLE-2 266.9 272.6 14.35 1. 113. 7 3&eo.u 0. 0.00 
37 TABLE-2 29 3.3 2 7 8 . 7 14.67 2. 0. 0 3762.0 3 4 0 . .09 
3b TABLE-2 299.6 2 8 4 . 7 14.98 2. 0. 0 3842.0 3 0 0 . .06 
39 TABLE-2 3G6.0 290.7 15.30 2. 0.0 3924.0 2 5 9 . .07 
40 TABLE-2 312.6 297.0 15.63 1. 139,4 4005.0 0. 0. 00 
1.1 T ABLE-2 319.0 3 0 3 . u 15.95 2. 0. 0 4091.0 1 7 6 . .04 
42 T ABLE-2 325.5 309.2 16.27 2. o. a 4174.0 1 3 4 . .03 
43 TABLE-2 331.8 315.2 16.59 2. 0.0 4255.0 9 4 . .02 
44 TABLc-2 338.2 321.3 16.91 1. 165. U 4328.G 0. 0.0Q 
45 T ABLE-2 344.7 3 2 7 . 5 17,24 2. 0.0 4421.0 11 . .00 
46 TAOLE-2 351 .1 3 3 3 . 6 17.56 2. 2.4 4503.0 0. 0.00 
4 7 T ABLE-2 357.9 3 4 0 . 0 1 7 . 69 2. 5. 7 ••590.0 0. 0. 00 
48 T AtiLE-2 364.2 346.0 13.21 2. 8. 9 4671.0 0. 0.00 
1.9 TABLE-2 370.8 352.2 18.54 2. 12.2 4 7 5 5 . 0 0. 0.00 
50 TABLE-2 376.9 3 5 8 . 1 18.85 2. 15.3 4834.3 0 • 0. 00 
51 TABLE-2 3b3.3 364. 1 19.17 2. 18.5 4916.0 0. 0.00 
52 TABLE-2 3a9.9 370. 4 19.49 2. 2 1 . 7 50Qu.O 0. 0. 00 
53 TABLE-2 396.4 376.6 1 9.82 2 . 25,0 50f4.C 0. a. oc 
54 TABLE-2 402.8 382.7 20.14 2. 28,2 5l6o.0 c. a.oo 
55 T A J L — 2 4JJ9.1 3 9 8 . 7 20 . 46 2. 3 1 . 4 5247.0 0. 0. 00 
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Table 6.2 cont'd 
56 TA3L£-2 415.5 3 3<,. 7 20.78 2* 34.6 5329.0 0. 0. 00 
57 TABLE-2 422.1 4 0 1 . C 21.10 2. 3 7 . 9 5413.0 0. 0. 00 
58 TAdLE>2 428.3 4 0 6 . S 21 .42 2 . 4 1. J 549.3. 0 0. 0. 00 
53 TAdL->2 431* .9 413.2 2 1 . 75 2. 4 4 . 3 5578.0 0. 0. 00 
60 TADL£-2 40 6.0 3 9 5 . 7 20.30 2. 29.8 5207.0 0. 0. 00 
MONTHLY AVG. t 30 6.4 298.6 7,79 2. 2 5 . J 3218.3 1 1 2 . • 07 
O P E R A T I O N S SUMMARY t PROCESS S T E F - ASSY AREA 
OT HRS ACTUAL SURPLUS C A P A C I T Y ! 
PC H O U R S HOURS HOURS SHIFTS PER M A N , OUTFUT FRACTION 
YEAR USED SCHEDULED UTILIZED OCHN PER DAY PER SHIFT (UNITS) UNITS OF OUTPUT 
1 1 8 4 5 . 1 8 4 5 . 0. 1 4 9 4 4 . 2 5 8 0 . .17 
2 3 3 1 3 . 3 3 1 3 . 0. 2 6 8 3 7 . 2 3 7 6 . .09 
3 4 4 4 8 . 4 4 2 0 . 2 S . 3 8 7 1 1 . 4 2 2 . .01 
4 3 9 4 4 . 3 7 4 7 . 1 9 7 . 5 0 5 6 1 . 1 3 1 4 . .03 
5 4836. 4 5 9 4 . 2 4 2 . 6 2 0 2 2 . 0. 0.00 
Table 6.3 Production Item Production Profile 
P R O D U C T I O N P R O F I L E 1 F R O C U C T 1 0 N I T E M - W I C G E T 1 • • S T A N D A R D W I D G E T , S I N G L E V E R S I O N * » 
L S E R I N P L T R E J E C T A C T U A L I N V E N T C R Y l D E M A N D G R O S S S A L E S L C S T S A L E S I N V E N T O R Y 1 
M O N T H P R O D U C T I O N A M O U N T R f i O O U C T I O N 9 ~ G O F M O N T H I N I T S U N I T S U N I T S E N D O F M O N T H 
1 2 5 0 . 1 3 . 2 6 3 . 0 . 1 0 . 1 0 . 0. 2 4 0 . 2 2 6 4 . 1 4 . 2 7 8 . 2 4 0 . 3 0 . 3 0 . 0 . 4 7 4 . 
3 2 7 9 . 1 5 . 2 9 4 . 4 7 4 . 5 0 . 5 0 . 0 . 7 0 3 . 
4 2 ^ 3 . 1 5 . 3 0 8 . 7 0 3 . 7 1 . 7 1 . 0 . 9 2 5 . 
5 3 0 8 . 1 6 . 3 2 4 . 9 2 5 . 9 1 . 9 1 . 0 . 1 1 4 2 . 
6 3 2 2 . 1 7 . 3 3 9 . 1 1 4 2 . I l l . 1 1 1 . 0 . 1 3 5 3 . 
7 3 J 6 . 1 8 . 3 5 4 . 1 3 5 3 . 1 3 1 . 1 3 1 . 0 . 1 5 5 8 . CD 3 3 1 . 1 8 . 3 6 9 . 1 5 5 8 . 1 5 1 . 1 5 1 . ( J . 1 7 5 8 . 
9 3 6 5 . 1 9 . 3 8 4 . 1 7 5 8 . 1 7 1 . 1 7 1 . 0 . 1 9 5 2 . 
1 0 3 8 0 . 2 0 . 4 0 0 . 1 9 5 2 . 1 9 2 . 1 9 2 . 0 . 2 1 4 0 . 
1 1 3 9 4 . 2 1 . 4 1 5 . 2 1 4 0 . 2 1 2 . 2 1 2 . 0 . 2 3 2 2 . 
1 2 4 3 8 . 2 1 . 4 2 9 . 2 3 2 2 . 2 3 2 . 2 3 2 . 0 . 2 4 9 8 . 
1 3 4 2 3 . 2 2 . 4 H 5 . 2 4 9 8 . 2 5 2 . 2 5 2 . 0 . 2 6 6 9 . 
1 4 4 3 7 . 2 3 . 4 6 0 . 2 6 6 9 . 2 7 2 , 2 7 2 . 0 . 2 8 3 4 . 
1 5 4 5 2 . 2 4 . 4 7 6 . 2 9 3 4 . 2 9 2 . 2 9 2 . 0 . 2 9 9 4 . 
l b 4 6 6 . 2 5 . 4 9 1 . 2 9 9 4 . 3 1 3 . 3 1 3 . 0 . 3 1 4 7 . 
1 7 4 9 1 . 2 5 . 5 0 6 . 3 1 4 7 . 3 3 3 . 3 3 3 . ( J . 3 2 9 5 . 
1 8 4 9 5 . 2 6 . 5 2 1 . 3 2 9 5 . 3 5 3 . 3 5 3 . 0 . 3 4 3 7 . 
1 9 5 0 9 . 2 7 . 5 3 6 . 3 4 3 7 . 3 7 3 . 3 7 3 . 0 . 3 5 7 3 . 
2 0 5 2 4 . 2 8 . 5 5 2 . 3 5 7 3 . 3 9 3 . 3 9 3 . 0 . 3 7 0 4 . 
2 1 5 3 8 . 2 8 . 5 6 6 . . 3 7 0 4 . 4 1 3 . 4 1 3 . 0 . 3 8 2 9 . 
2 2 5 5 3 . 2 9 . 5 8 2 . 3 8 2 9 . 4 3 4 . 4 3 4 . 0 . 3 < = 4 8 . 
2 3 5 6 7 . 3 0 . 5 9 7 . 3 9 4 8 . 4 5 4 , 4 5 4 . 0 . 4 0 6 1 . 
2 4 5 9 1 . 3 1 . 6 1 2 . 4 4 6 1 . 4 7 4 . 4 7 4 . 0 . 4 1 6 8 . 
2 5 5 9 6 , 3 1 . 6 2 7 . 4 1 6 8 . 4 9 4 . 4 9 4 . 0 . 4 2 7 0 . 
2 6 6 1 0 . 3 2 . 6 < t 2 . 4 2 7 0 . 5 1 4 . 5 1 < < . 0 . 4 3 6 6 . 
2 7 6 2 5 . 3 3 . 6 5 8 . 4 3 6 6 . 5 3 4 . 5 3 4 . 0 . 4 4 5 7 . 
2 8 6 3 9 . 3 4 . 6 7 3 . 4 4 5 7 . 5 5 5 . 5 5 5 . 0 . 4 5 4 1 . 
2 9 6 5 3 . 3 4 . 6 8 7 . 4 5 4 1 . 5 7 5 . 5 7 5 . 0 . 4 6 1 9 . 
3 0 6 6 8 . 3 5 . 7 0 3 . 4 6 1 9 . 5 9 5 . 5 9 5 . 0 . 4 6 9 2 . 
3 1 6 6 2 . 3 6 . 7 1 8 . 4 6 9 2 . 6 1 5 . 6 1 5 . 0 . 4 7 5 9 . 
3 2 6 9 7 . 3 7 . 7 3 4 . 4 7 5 9 . 6 3 5 . 6 3 5 . 0 . 4 8 2 1 . 
3 3 7 1 1 . 3 7 . 7 4 8 . 4 8 2 1 . 6 5 5 . 6 5 5 . 0 . 4 8 7 7 . 
3 H 7 2 5 . 3 8 . 7 6 3 . 4 8 7 7 . 6 7 6 . 6 7 6 . 0 . 4 9 2 6 . 
3 5 7 4 0 . 3 9 . 7 7 9 . 4 9 2 6 . 6 9 6 * 6 9 6 . 0 . 4 9 7 0 . 
3 6 7 5 4 . 4 0 . 7 9 4 . 4 9 7 0 . 7 1 6 . 7 1 6 . 0 . 5 0 0 8 . 
3 7 7 6 9 . 4 0 . 8 0 9 . 5 0 0 8 . 7 3 6 . 7 3 6 . 0 . 5 0 4 1 . 
3 8 7 8 3 . 4 1 . 8 2 4 . 5 0 4 1 . 7 5 6 , 7 5 6 . 0 . 5 0 6 8 . 
3 9 7 9 7 . 4 2 . 8 3 9 . 5 0 6 8 . 7 7 6 . 7 7 6 . 0 . 5 0 8 9 . 
4 0 8 1 2 . 4 3 . 8 5 5 . 5 0 8 9 . 7 9 7 . 7 9 7 . 0 . 5 1 0 4 . 
Table 6.3 cont'd 
41 826. 43. 869. 510<* . 817. 817. 0. 5113. 
42 841. 44. 885 . 5113. 837. 837. 0. 5117. 
43 855. 45. 900 . 5117 . 857. 857. 0. 5115. 
44 869. 46. 915 . 5115. 877. 877. 0. 5107. 
45 6(54. 47. 931 . 5107 . 897 . 897 . 0. 5094. 
46 898. 47. 945. 5094. 918. 918. 0. 5074. 
47 913. 48. 961. 5074. 938 . 938. 0. 5049. 
48 927. 49. 976. 50 49 . 958. 958. 0. 5018. 
49 942. 50. 992 . 5018 . 978. 9 7 e . 0. 4962. 
50 9 5 6 . 50. 1006 . 4982. 9 9 8 . 996. 0. 4940. 
51 970. 51. 1021 . 4940 . LOLD. 1018. 0. 4892. 
52 985. 52. 1037. 4892 . 10 39. 1039. 0. 4838. 
53 999. 53. 1U52. 4838 . 1059. 105?. 0. 4778. 
54 . 1014. 53. 1 067. 4778 . 10 79. IO??. 0. 4713. 
55 1028. 54. 1082. «.713 . 1093. 109°. 0. • 4642. 
56 LUI.2. 55. 1097 . 46I.2 . 1119. 1119 . 0. 4565. 
57 1057. 56. 1113. 4565. 1139. 1 1 3 C . 0. 4483. 
58 1071. 56. 1127 . 4483 . 1160. 1160. 0. 4394. 
59 10D6. 57. 1143. ••394 . 1180. 1180. 0. 4300. 
60 1000. 53. 1J53. 4300 . 1200 . 1200 . 0. 4100. 
PRODUCTION SUMMARY I FROCUCTION ITEM- HICGET1 ••STANDARD H D G E T , SINGLE VERSION 
USER I,PUT REJECT ACTUAL INVENTCRYI OEMAND GROSS SALES LOST SALES INVENTORY I 
YEAR PRODUCTION AMOUNT PRODUCTION BEG OF MONTH U N I T S UNITS UNITS END OF MONTH 
1 3950. 207. 4157. 1452. 1452. 0 . 
2 6026. 318. 6344. 4356. 4356. 0 . 
3 8100. 426. 8526. 7260. 7260. 0 . 
4 10174. 535. 10709. 10164. 10164. 0 . 
5 12150. 6 4 0 . 1 2 7 9 0 . 13068. 13068. 0 . 
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Table 6.k Raw Materials Profile 
RAH MATERIALS PROFILE! RAH MATFCFILAL- FIHE WOOC **GE0RGIA YELLOW PINE 
AMOUNT INVENTORY t AKOUNT I M VL NT OR Y L AMOUNT 
)NTH REQUIRED EEG OF MONTH RECEIVED END OF MONTH NEW ORDER: 
'STARTUP PERIOE** 0.00 
1 L-.UO4.QD 0.00 1416H. 00 0.00 14064.00 
2 15566.5J 0.00 15566.50 0.00 15566,50 
3 17159.5 C 0.00 17159.50 0 .LO 17159.50 
4 18628.0J 0.00 18628.00 O.CO 16626.00 
5 2UL99.5J 0.00 2U 199. 50 O.CO 20199.50 
6 21702.OO 0 .OC 21702.00 0.00 21702.00 
7 23222.0 J 0.00 23222.00 0 • G G 23222.00 
tt 24741.03 0.00 24741.00 0.00 24741 .00 
9 263U1.0 J 0.00 26301.00 0.00 26331.00 
10 27838.5 J O.AO 27838. 50 Q. G £ 27838.50 
11 29358.50 0.00 29358.50 0 .UO 29358.50 
12 30843.5^ 0.00 30 843. 50 0.00 30843.50 
13 32397.5O 0 . 00 32397.50 0.00 32397.50 
14 33901. 0 - 0. 00 33501. 00 0.00 3 3901.00 
15 35*71.5 J 0. 00 35471.EO 0.00 35471.50 
16 37053.0U o.AO 37C53.00 0.00 37C53.00 
1 7 38573.0U 0 .00 38573.00 0 .00 38573 .00 
ia 40076.5U 0.00 40 076. EO 0.00 40076.50 
19 41613.00 0.00 41613.00 0.00 41613.00 
20 431*9.5J 0.00 43149. 50 0.00 43149.50 
21 44635.5 3 0.00 44635.50 o.CO 44635.50 
22 46228.50 a.ou 46226.50 0.00 46228.50 
23 477*3.50 0.00 47748. 50 0.00 47748.50 
24 49251.0J 0.00 49251.00 0.00 49251.00 
25 50771.00 0.00 50 771. 00 o.CO 5G771.00 
26 52291.00 0.00 52291.00 0.00 52291.00 
27 538*5.00 0.00 53645.00 0.00 53845.00 
28 55367.50 a.oo 55387.50 0.00 55387.50 
29 56873.50 0.00 56873.50 0.00 56873.50 
30 58427.50 0 .00 56427.50 0.00 56427.50 
31 59947.50 0.00 59947.50 0 . LIB 59947.50 
32 61434.00 0.00 61434. 00 0.00 61484.00 
33 62986.50 0.00 62986.50 0.00 62986.50 
34 64529.0G 0.00 64529. 00 o.CO 64529.00 
35 66083.0J a .OO 66083.00 0.00 66083.00 
36 67602.0J 0.00 67602. 00 0.00 67602.00 
37 69122.0: 0.00 69122. 00 o.CO 69122.00 
38 70625.53 0.00 70 625. 50 0.00 70625.50 
39 72128.OU 0.00 72126.00 O.CO 72128.0 0 
40 73699.53 0.00 73695.50 0.00 73699.50 
41 75224. 5 J 0.00 75224.50 o .a U 75224.50 
42 76762.0J 0. 00 76762.00 0.00 76762.UO 
43 73264.50 0. 00 78264.50 0 .0 0 78264.50 
44 79631.01) 0.00 79801.00 o.OC 79801.00 
45 81338.5 I 0.00 81336.50 0.00 81338.50 
46 82862.50 0 .00 82862.50 0.00 82362.50 
47 84474.00 0.30 84474. OU o.CO 84474. 00 
48 85976.50 0.00 65976. 50 0.00 85976.50 
49 87530.50 0.00 e7E33.50 0 .10 8 7530.50 
50 88999.0 0 0.00 68559.00 o.CO 66399.03 
51 93519.OU 0.00 50519. 0 0 O.CO 93519.00 
52 92073.OU 0 .OC 92 073. 0 0 0 .0 G 92373.0 0 
53 
93632.OU 
0.00 93632. 00 O.TU 93632.00 
5* 5152.O 0.00 95152. 00 O.GU 95152.00 
55 96654.5U 0.00 96654.50 0 .GL 96654.50 
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T a b l e 6.k c o n t ' d 
5 6 9 8 1 7 4 . 5 0 
5 7 9 3 7 2 8 . 5 3 
5 8 1 0 1 2 1 5 . 5 0 
5 9 1 0 2 7 9 1 . 0 0 
6 0 9 6 0 2 5 . 5 0 
0 . 0 0 9 8 1 7 4 . 5 0 
0 . 0 0 9 9 7 2 8 . 5 0 
0 . 0 0 1 0 1 2 1 5 . 5 0 
0 . 0 0 1 0 2 7 9 1 . 0 0 
0 . 0 G 9 6 0 2 5 . 5 0 
0 . 0 u 9 8 1 7 4 . 5 0 
0 . l > 0 9 9 7 2 8 . 5 0 
0 . 0 0 1 0 1 2 1 5 . 5 0 
0 . 1 0 1 0 2 7 9 1 . 0 0 
0 . 0 0 9 6 0 2 5 . 5 0 
R A W M A T E R I A L S S U M M A R Y . R A W M A T E R I A L - P I K E W O O D ' " G E O R G I A Y E L L O W P I K E 
Y E A R 
A M O U N T 
R E Q U I R E D 
I N V E N T C R Y I A r - O I N T 
B L G O F M O N T H R E C E I V E O 
I N V E N T O R Y . A M O U N T 
E N D O F M O N T H N E W O R C E R S 
2 6 9 6 2 4 . 
4 9 0 0 9 9 . 
7 1 0 2 2 8 . 
9 3 0 2 7 9 . 
1 1 4 2 4 9 5 . 
2 6 9 6 2 4 , 
4 5 0 0 9 9 . 
7 1 0 2 2 8 . 
9 3 0 2 7 9 . 
1 1 4 2 4 9 5 . 
2 6 9 6 2 4 , 
4 9 0 0 9 9 , 
7 1 0 2 2 8 , 
9 3 0 2 7 9 , 
1 1 4 2 4 9 5 , 












GROSS LOST GROSS LOST GROSS LOST GROSS LOST 
SALIS SALES SALES SALES SALES SALES SALES SALES 
(£100) (X100) (£100) (FLLO) (S10Q) (£100) (1100) ($100) 
1 7.50 0. 00 11U .00 LIB.00 0.00 0 .01 0. 00 0 .00 0 .00 0.00 117.5J 110.00 
2 22.5'J 0. 00 134.20 10 fc.70 0.0 0 0.00 0. 00 0.00 0.00 0.00 156.70 106.70 
3 37.53 0. 00 156.40 102.30 0.0 0 0.00 0. 01) 0.00 0. 00 O.OU 195.90 102.30 
4 53. 25 0. OU 182.60 9°. 00 0.00 0 .00 0. 00 0.00 0.00 0.00 235.85 99.00 
5 68.25 0. 00 206.80 95. 70 0.00 0 .01 0. 00 0.00 0 . 00 0.00 275.05 95. 70 
fa 83.25 0. 00 231.JO 91.3O 0.00 0 . 0 L 0. 00 0.00 0 .00 0.00 314.25 91.30 
7 98.25 0. 00 255.20 86.00 0.00 Q.QG 0. 00 0.00 0 .00 0.00 353.45 88.00 CO 113.25 0. 00 2 7 9 . 4 U 8 4.70 0.0 0 0.00 0. 00 0.00 0. 00 0.00 39?.65 8 4.70 
9 128.25 0. 00 303.60 80. 30 0.00 0.00 0. 00 0.00 0.00 0.00 431.85 80.30 
10 144.00 0. 00 327.80 77.00 0.0 0 0 .00 0. 00 0.00 0 .00 0.00 471.80 77.00 
11 159.00 0. 00 352.00 7 2.60 0.0 0 0.00 0. 00 0.00 0 . 00 0.00 511.00 72. 60 
12 174.00 0. 00 376.20 69. 30 0.0 0 0.00 0. 00 0.00 0 .00 0.00 550.20 69.30 
13 169.00 0. 00 400.40 66. 00 0.00 0.00 0. 00 0.00 0.00 0.00 589.40 66.00 
14 204.00 0 . 00 424.60 61. 60 0.0 0 0 . Q J 0. OU 0.00 0 .00 0.00 628.60 61.60 
15 219.OJ 0. 00 448.AC 5E.30 0.00 O.OC 0. 00 0.00 0 . 00 0.00 667.80 58.30 
16 234.75 0. 00 474.10 5 3. 50 0.00 0.00 0. 00 0.00 0.00 0. UO 706.85 53.90 
17 249.75 0. 00 498.30 49.50 0.0 0 0.00 0. 00 0.00 0. 00 0. 00 748.05 49. 50 
18 264.75 0. 00 522.50 46.20 0.00 0.00 0. 00 A .OO 0.00 0.00 787.25 46.20 
19 279.75 0. 00 546.70 42.90 0.0 0 0 .OU 0. 00 0.00 0 . 00 0.00 826.45 42 .90 
20 294.75 0. 00 570.?C 36.50 0.0 0 0.00 0.00 0.00 0.00 0. 00 865.65 38.50 
21 309.73 0. 00 595.10 35.20 0.0 0 O.OC 0. 00 0.00 0. 00 0.00 904.85 35.20 
22 325.50 0. 00 619.30 31.90 0.0 0 O.OC 0. JO 0 . 00 0 . 00 0.00 944.80 31.90 
23 340.50 0. 00 643.50 2 7 .50 0.00 0 .01 0. 00 0 .00 0.00 0.00 984.00 27.50 
24 355.50 0. 00 667.70 24.20 0.0 0 0.00 0.00 0.00 0.00 0.00 1023.20 24.20 
25 370.50 0. 00 691.90 15. 80 0.0 0 O. OU 0. 00 0.00 0.00 0.00 1062.40 19.80 
26 365.50 0. 00 71O.L0 16.50 0.00 0.00 0. 00 0.00 0 . 00 0. 00 1101.BO 16.50 
27 TOO.50 0. 00 740.30 13.20 0.00 0.00 0. UO 0 .00 0 .00 0.00 1140.80 13.20 
28 416.25 0. 00 764.50 8.80 0.0 0 O.OC 0. 00 0.00 0 . 00 0. UO 1180.75 8.60 
29 431.25 0. QO 78E.7Q 5.50 0.00 0.00 A. 00 0 .00 A.OO 0. QO 1219.95 5.50 
30 446.25 0. 00 812.90 2. 20 0.0 0 0.00 0. UO 0.00 0. 00 0.00 1259.15 2.20 
31 461.25 0. 00 834.90 0. 00 0.0 0 0.00 0. 00 0 .00 0.00 0.00 1296.15 0.00 
32 476.25 0. 00 855.80 0.00 0.00 0.00 0. 00 0.00 0 .00 0.00 1332.05 0.00 
33 491.25 0. 00 876.70 0.00 0.0 0 0.00 0. 00 0.00 0.00 0.00 1367.95 0.00 
34 5Q7.00 0. 00 896.50 0. 00 0.00 0.00 0. 00 0.00 0.00 0.00 1403.50 0.0 0 
35 522.00 0. 00 917.40 0.00 0.0 0 O.OC 0. 00 0.00 0.00 0. 00 1439.40 0.00 
36 537.00 0. CO 938.30 0.00 0.0 0 0 .OU 0. 00 0.00 0.00 0.00 1475.30 0.00 
37 552.03 0. 00 958.10 0*00 0.00 O.OC 0. 00 0.00 0.00 0.00 1510.10 0.00 
38 567.00 0. 00 979.00 0.00 0.00 0.00 0. 30 0 .00 0.00 0.00 1546.00 0.00 
39 562.00 0. 00 998.80 0.00 0.00 O.OU 0. 00 0.00 0.00 1580.80 0.00 
Table 6.5 cont'd 
40 597.75 0. 00 1 0 1 9 . 7 0 0.00 0.00 0.00 0. 00 0 .00 0 .00 c o o 1617.45 0.00 
Hi 6 1 2 . 7 5 0. 00 104i) .60 c o o 0.00 0 . o c 0. UO O.00 0 .03 o . u o 1653.35 0.0 0 
42 627.75 0. 00 lObO.40 0.00 0.00 0.00 0. 00 0.00 0 . 00 c o o 16S8.15 c o o 
43 642.75 0. 00 1081.30 0.00 0.00 0.00 0. 00 0.00 0. OJ 0. J J 1724.05 c o o 
44 6 5 7 . 7 3 0. 00 1102.20 0.00 0.00 0 .03 0. JO 0.00 0.00 0.30 1759.95 0.00 
4 5 672.75 0. 00 1122.OU 0.00 0.00 0.00 0. 00 0.00 0.00 0.00 1794.75 0.00 
46 688.50 0. 00 1142.90 0.00 o . o u 0.00 0. 00 0.00 0 .00 0.00 18 11.40 0.0 0 
k7 703.50 0. 00 1163.80 0.00 0.0 0 0 . 0 J 0. 00 0.00 0 .00 0.00 1867.30 0.00 48 7 1 8 . 5 0 0. 00 1183.60 o . u o 0.0 0 0 .00 0. 00 o . o u 0.03 0.00 1902.10 0.00 
49 733.50 0. 00 1204.5 0 0. 00 0.00 0.00 0. JO 0.00 0.00 0.00 1938.00 0.00 
50 748.50 0. 00 1225.40 C Q O 0.0 0 0.00 0. UO 0.00 0 . 00 0.00 1973.90 0.00 
51 763.5u 0. 00 1245.20 0. UO 0.00 0.00 0. JJ 0 .00 J .03 c o o 2008.70 0.00 
52 779.25 0. 00 1266.1C 0.00 o . u o 0.00 0. 00 0.00 J . 00 0.00 2 0 * 5 . 3 5 0.00 
53 794.25 0. 00 1285.90 0.00 0.00 0.00 u. 00 0 .00 0 . 00 c o o 2080.15 0.00 
54 80 9.25 0. 00 1306. oC 0. CO 0.00 0.00 0. 00 0.00 0 . 03 o . c o 2116.05 C O G 
55 824.25 0. 00 1327. 70 0 .00 0.0 0 o . u o 0. OJ 0.00 0. o u 0.00 2151.95 0.00 
56 839.25 0. 00 1347.50 0.00 0.00 0 .uU 0. o u 0.00 0. 00 o . u o 21^6.75 0.00 
57 854.25 0. 00 1368.40 0.00 0.00 0 .00 0. 00 0.00 0 . 00 0.00 2222.65 0.00 
58 870.00 0. 00 1389.30 0.00 0.00 0 . c 0. 00 0.00 0 . 03 O.OG 2259.30 0.00 
59 885.00 0. 00 1409.10 0 .00 0.00 0 . o c 0. 00 0.00 0.00 C O O 2294.10 0.00 
60 9JU.0J 0. CO 1430.JO 0. 00 0.00 0 . o c 0. 00 0.00 0.00 0. 00 2330.00 0.00 
SALES SUMMARY 
1 2 3 4 5 
HIDGE Tl HIDGET2 TOTAL 
GROSS L O S T GROSS LOST GROSS LOST GROSS LOST GROSS LOST GPOSS LOST 
SALES SALES SALES SALES SALES SALES SALES SALES SALES SALES SALES SALES 
EAR (1103) C$1001 CJ1Q0) (*100> (S100) U 1 0 0 ) (1100) ($100) ($100) (£100) ($100) (flOO) 
1 1089. 0. 2 9 1 7 . 1077. 0 . 0. 0. 0. 0. 0. 4006. 1 0 7 7 . 
2 3267. c . 6 4 1 2 . 536. 0 . 0. 0. 0. 0. 0. 9679. 5 3 6 . 
3 5445. 0. 9 8 3 4 . 66. 0 . 0. 0. 0. 0. 0. 15279. 6 6 . 
4 7623. 0. 1 2 3 5 2 . 0. 0 . 0. 0. 0. 0. 0. 20475. 0. 
5 9801. 0. 1 5 8 0 6 . 0. 0 . 0. 0. 0. 0. 0. 2 5 6 0 7 . 0. 
Table 6.6 Process Step Employment P r o f i l e 
E M P L O Y M E N T P R O F I L E l P R O C E S S S T E P - A S S Y A R E A 
1 2 3 4 5 6 
L A B O R O P E R A T O R C R A F T S M A N T O T A L 
N U M B E R T O T A L M M B E R T O T A L N U M B E R T O T A L N L'MB " R T O T A L N U M B E R T O T A L N U M B E R T O T A L N U M B E R T O T A L 
M O N T H E H P L ' O O T M R S E M P L ' O O T M R S E M P L ' 0 O T H R S E M P L ' U O T H R S E M P L ' C C T H R S E M P L ' D O T H R S E M P L ' D O T H R S 
1 6 . 0 . 0 . 0 . 1 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 7 . 0 . 
2 6 . 0 . 0 . 0 . 1 . 0 . 0 . 0 . 0 . 0 . 0 . u . 7 . 0 . 
3 6 . 0 . 0 . 0 . 1 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 7 . 0 . 
4 b . 0 . 0 . 0 . 1 . (J. 0 . 0 . 0 . 0 . 0 . 0 . 7 . 0 . 
5 6 . 0 . 0 . 0 . 1 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 7 . 0 . 
6 6 . 0 . 0 . 0 . 1 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 7 . 0 . 
7 6 . 0 . 0 . 0 . 1 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 7 . 0 . 
8 6 . 0 . 0 . 0 . 1 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 7 . 0 . 
9 6 . 3 6 . 0 . 0 . 1 . 6 . 0 . 0 . 0 . 0 . 0 . 0 . 7 . 4 2 . 
1 0 6 . 9 8 . 0 . 0 . 1 . 1 6 . 0 . 0 . 0 . 0 . 0 . 0 . 7 . 1 1 4 . 
1 1 6 . 1 5 9 . 0 . 0 . 1 . 2 6 . 0 . 0 . 0 . 0 . 0 . 0 . 7 . 1 6 5 . 
1 2 6 . 2 1 8 . 0 . 0 . 1 . 3 6 . 0 . 0 . 0 . 0 . 0 . 0 . 7 . 2 5 4 . 
1 3 6 . 2 8 0 . 0 . 0 . 1 . 4 7 . 0 . 0 . 0 . 0 . 0 . 0 . 7 . 3 2 7 . 
1 4 1 2 . 0 . 0 . 0 . 2 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 0 . 
1 5 1 2 . 0 . 0 . 0 . 2 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 0 * 
1 6 1 2 . 0 . 0 . 0 . 2 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 0 . 
1 7 6 . 5 2 7 . 0 . 0 . 1 . 6 6 . 0 . 0 . 0 . 0 . 0 . 0 . 7 . 6 1 5 . 
1 8 1 2 . 0 . 0 . 0 . 2 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 0 . 
1 9 1 2 . c . 0 . 0 . 2 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 0 . 
2 0 1 2 . 0 . 0 . 0 . 2 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . U. 
2 1 6 . 7 6 9 . 0 . 0 . 1 . 1 2 6 . 0 . 0 . 0 . 0 . 0 . 0 . 7 . 8 c d 7 . 
2 2 1 2 . 0 . 0 . 0 . 2 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 0 . 
2 3 1 2 . 0 . 0 . 0 . 2 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 0 . 
2 * 1 2 . 0 . 0 . 0 . 2 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 0 . 
2 5 6 . 1 0 1 4 . 0 . 0 . 1 . 1 6 9 . 0 . 0 . 0 . 0 . 0 . 0 . 7 . 1 1 8 3 . 
2 b 1 2 . 3 6 . 0 . 0 . 2 . 6 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 4 2 . 
2 7 1 2 . 9 8 . 0 . 0 . 2 . 1 6 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 1 1 4 . 
2 8 1 2 . 1 5 9 . 0 . 0 . 2 . 2 7 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 1 6 6 * 
2 9 1 2 . 2 1 9 . 0 . 0 . 2 . 3 6 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 2 5 5 . 
3 0 1 2 . 2 8 1 . 0 . 0 . 2 . 4 7 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 3 2 8 . 
3 1 1 2 . 3 4 2 . 0 . 0 . 2 . 5 7 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 3 9 9 . 
3 2 1 2 . 4 0 3 . 0 . 0 . 2 . 6 7 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 4 7 0 , 
3 3 1 2 . 4 6 3 . 0 . 0 . 2 . 7 7 , 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 5 4 0 , 
3 4 1 2 . 5 2 5 . 0 . 0 . 2 . 8 7 . 0 . 0 . 0 . 0 . 0 . 0 . 1 4 . 6 1 2 . 
3 5 6 . 0 . 2 . 0 . 2 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 1 0 . 0 . 
3 b 3 . 3 4 1 . 1 . 1 1 4 . 1 . 1 1 4 . 0 . 0 . 0 . 0 . 0 . 0 . 5 . 5 6 9 . 
3 7 6 . 0 . 2 . 0 . 2 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 1 0 . 0 . 
3 8 6 . 0 . 2 . 0 . 2 . u . 0 * 0 . 0 . 0 . 0 . 0 . 1 0 . 0 . 
3 9 6 . 0 . 2 . 0 . 2 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 1 0 . 0 . 
Table 6.7 Comprehensive Employment Profile 
EMPLOYMENT PROFILE! "COMPREHENSIVE* 
1 2 3 4 5 6 
LAOOR OPERATOR CRAFTSMAN TCTAL 
NUMBER TOTAL NUM8E H TOTAL NUMBER TOTAL NUMBER TOTAL NUMBER TOTAL NUMBER TOTAL NUMEER TOTAL MONTH EMPL'O OT HRS EMPL * O OT HRS EMPL'D OT HRS EMPL OT HRS EMPL'D OT HRS EMPL'D OT HRS EMPL'C OT HRS 
1 9. 0 . 0. 2. 0. 0. 0. 0 . 0. 0. 0 . 12. 0. 
2 3. 0 . 0. 2. 0. 0. 0. 0. 0. 0. 0. 12. 0. 
3 9. 0 . 0. 2. 0. 0. 0. 0. 0. 0. 0. 12. 0. 
H 9. 0 . 0 . 2. 0. 0. 0. 0. 0. 0. 0. 12. 0. 5 9. 0 . 0. 2. 0. 0. 0. 0. 0. G. C. 12. 0. 
6 9. 0 . 0. 2. 0. 0. 0. 0. 0. 0. 0 • 12. a. 
7 9. 0. 0. 2. 0. 0. 0. 0. 0. 0. 0. 12. 0. 
A 9. 0. G. 2. 0. 0. 0. 0. 0. 0. 0. 12. O. 
9 9. 36. 0. 2. 6. 0. 0. 0 . 0. 0. 0. 12. 42. 
10 9. 98 . 0. 2. 16. 0. 0 . 0. 0. 0. 0. 12. 114. 
n 9. 159. 0. 2. 26. 0. 0 . 0. 0. 0. 0. 12. 185. 
12 9. 216. 0. 2. 36. 0. A. 0. 0. 0. 0. 12. 254. 
13 9. 260 . 0. 2. 47. 0. 0. 0. 0. 0. L. 12. 327. 
14 15. 0 . 0. 3. 0. 0. U. 0. G. 0. 0. 19. 0. 
15 15. 0 . 0. 3. 0. 0. 0. 0. 0. G. 0 . 19. 0. 
16 15. 0 . 0. 3. 0. 0. 0. 0. 0. 0. 0. 19. 0. 
17 9. 527. 0. 2. 86. 0. 0. 0. 0. 0. 0. 12. £15. 
ID 15. 0. 0. 3. 0. 0. 0. U. 0. 0. 0 . 19. 0. 
19 15. 0 . 0. 3. 0. 0. 0. 0. 0. 0. 0. 19. 0. 
20 15. 0 . 0. 3. 0. 0. 0 . 0 . 0. 0. 0. 19. 0. 
21 9. 769. 0. 2. 128. 0. 0. 0. 0. 0. 0. 12. 897. 
22 15. 0 . 0. 3. U. 0. 0. 0. 0. G. 0. 19. 0. 
23 15. 0 . U. 3. 0. 0. 0 . 0. 0. G. 0. 19. 0. 
24 15. 0. c. 3. 0. 0. 0. 0. 0. G. 0. 19. 0. 
25 9. 1014. 0. 2. 169. 0. 0. 0. 0. 0. 0. 12. 1183. 
26 15. 36 . C. 3. 6. 0. 0. U. 0. 0. 0. 19. 42. 
27 15. 98. 0. 3. LB. 0. 0 . 0. 0. 0. 0. 19. 114. 
28 15. 159. 0. 3. 27. 0. 0. 0 . 0. 0. 0. 19, IEE. 
29 15. 219. 0* 3. 36. 0. 0. 0. 0. 0. 0. 19. 255. 
30 15. 281. 0. 3. 47. 0. 0. 0. 0. 0. 0. 19. 328. 
31 15. 342. 0. 3. 57. 0. 0. 0. 0. 0. 0. 19. 399. 
32 15. 403 . 0. 3. 67. 0. 0 . 0* 0. 0. 0. 19. 470. 
33 15. 463 . 0. 3. 77. 0. 0. 0. 0. 0. 0. 19, 540. 
34 15. 525. 0. 3. 87. 0. 0. 0. 0. 0. 0. 19. 612. 
35 9. 0. 0. 3. 0. 0. 0. 0. 0. 0. 0. 15, 0. 
36 b. 341. 114. 2. 114. 0. 0. 0. 0. 0* 0. 10. 569. 
37 9. 0. 0. 3. 0. 0. 0. 0. 0. 0. 0. 15. 0. 
38 9. 0 . G. 3. 0. 0. 0. 0. 0. 0. 0. 15. 0. 
39 9. 0. 0. 3. a. 0. 0. 0. 0. U. 0. 15. 0. 
1 7 2 
Table 6.8 Capital Expansion Profile 
C A P I T A L E X P A N S I O N P R O F I L E 
P R O C E S S 
C O N F I G U f i A T I O N 
U S E D I N 
P R O C E S S S T E P J 
r * C N T H 
O R D E R E D 
M O N T H 
R E C E I V E D 
M O N T h 
R E A D Y 
P E R I O D 
E X P c N S E 
D E P R E C I A B L E 
C O S T 
T O T A L 
I N V E S T M E N T 
T A B L E - 2 
T A B L E - 1 
T A B L E - 2 
F I N A R E A 
A S S Y A R E A 
A S S Y A R E A 
- 4 . 
0 . 
3 0 . 
0 . 
1 . 
3 4 . 
1 . 
1 . 
3 5 , 
5 0 . 0 C 
2 5 . 0 0 
5 0 . 0 0 
3 0 0 . 0 C 
1 0 0 . 0 0 
3 0 0 . 0 L 
3 5 0 . 0 0 
1 2 5 . 0 0 
3 5 0 . 0 0 
L * * T O T A L * 1 2 5 . 7 0 0 . 8 2 5 , 
T a b l e 6.9 E n e r g y / U t i l i t y U s a g e P r o f i l e 
ENLRGY/L'TILI TY USAGE PROFILE 
1 2 3 4 
GAS ELEC/220 
CONSUMPTION COST CONSUMPTION COST CONSUMPTION COST C O N S U M P T I O N COST TOTAL CCST 
MONTH (CUBIC FEET) (f» (KVH » ($» ( ) <i) ( > iii ($) 
1 0.00 0. 0 J 1.44 .32 0 . 0 0 0.00 0 . 0 0 3.00 .32 
2 0.03 0. 0 0 1.60 . 36 0.00 0.00 0 . 0 0 0.0 0 .36 
3 0.00 0.00 1.76 .40 0. 00 0.00 0. 00 0.0 0 .40 
4 U.uO 0.00 1.92 . 43 0.00 0.03 0.00 •J . 0 0 .43 
5 0 . 0 0 0.00 2 .08 .47 0.00 0 . 0 0 0 . 0 0 0 . 0 0 .47 
6 0.00 0. 0 0 2.24 .50 0.00 0 . 0 0 0.00 0 . 0 0 .50 
7 0 . 0 0 0.00 2.40 .54 0.00 0.00 0 . 00 0 . 0 0 .54 
8 0. u o 0.00 2.55 .57 0,00 0.00 0. 0 0 0. Q 0 .57 
9 0 . 0 0 0.00 2. 72 .61 0 . 0 0 0.00 0.00 0.00 .61 
10 0.00 0 . 0 0 2.88 .65 0. 00 0.00 0.00 0 . 0 0 .65 
11 0.00 0.00 3.03 .68 0. 00 0.00 0 . 0 0 0.00 .68 
12 0 . 0 0 0.00 3. 19 .72 0. GO 0.00 o . u o 0.00 .72 
13 0.00 0.00 3. 35 .75 0. 00 0.00 0.00 0 . 0 0 .75 
14 0.00 0.00 3.51 . 79 0.00 0.00 0 . s o 3 . 0 0 .79 
15 3.00 0.00 3.67 • 83 0.00 0.00 0.00 0.0 0 .83 
16 0.00 0.00 3 . 84 .86 0 . 00 0.00 0.00 0.00 . 86 
17 0.00 0. 00 3.99 .90 0. 00 0.00 0.00 0.00 .90 
18 0.00 0. Ou 4.15 .93 0.00 O.UO 0 .00 0.00 .93 
19 o . u o U. 00 4.31 .97 0.00 0.00 0.00 0.00 .97 
20 0.00 0.00 4.47 1.01 0. GO 0.00 0.00 0 . 0 0 1.01 
21 0.00 0. 00 4.63 1. 04 0. 00 0.00 0.00 0.0 0 1.04 
22 Q.uO 0.03 4. 79 1. 08 0. OJ 0.00 0.00 0.00 1.08 
23 0.00 0.00 4.95 1.11 0.00 0.00 0 . 0 0 0.00 1.11 
24 0.00 0.00 5.11 1.15 0.00 0.00 0.00 0.0 0 1.15 
25 0.00 0. o u 5.26 1. 16 0. 00 0.0 0 U. 00 0.0 0 1.18 
26 0.00 0.00 5.42 1. 22 0. 00 0.00 0.00 0.00 1.22 
27 0.00 0 . 0 0 5 .58 1.26 0.00 0.00 U.00 0.0 0 1.26 
28 0 . 0 0 0 . 0 0 5.75 1. 29 0.00 0.00 0.00 0.00 1.29 
29 0.00 0.00 5. 90 1. 33 0. 00 0.00 0 . 0 0 U. 0 0 1.33 
30 0.00 0 . 0 0 6.06 1.36 0. 00 0.00 0.00 0.0 0 1.36 
31 0.00 0 . 0 0 6. 22 1. 40 0.00 0.00 0.00 0.00 1.40 
32 0.00 0.0Q 6.38 1.44 0.00 0.00 0.00 0.00 1.44 
33 0 . 0 0 0 . 0 0 6.53 1.47 0.00 0.00 0.00 0.00 1.47 
34 0.00 0 . 0 0 6.70 1. £1 0. 00 0.00 0.00 0.00 1.51 
35 U.UO 0 . 0 0 20.18 4.54 0.00 0 . 0 0 0.00 0.0 0 4.54 
36 0 . 0 0 0 . 0 0 20.65 4.65 0.00 0 . 0 0 0.00 0.00 4.65 
37 0 . 0 0 0 . 0 0 21.11 4.75 0 . 0 0 0 . 0 0 0 . 0 0 0.00 4.75 
38 0 . 0 0 0 . 0 0 21.57 4. 85 0 . 0 0 0 . 0 0 0.00 U.00 4.85 
39 0 . 0 0 0 . 0 0 2 2 . 0 2 4.96 0 . 0 0 0 . 0 0 0.00 0 . 0 0 4.96 
u> 
Table 6.9 cont'd 
HU U.UO 0.00 22.50 5. 06 0. 00 o . u o 0.00 0.00 5.06 
Hi 0.00 0.03 22.9b 5.17 0. 00 O.JO 0.00 0.00 5.17 
42 0.00 0.00 23.43 5.27 0.00 0. 00 3. 00 u . o o 5.27 
43 0.00 0. OJ 23 .89 5. 37 0. 00 0.0 0 0.00 0.00 5.37 
4* 0.00 0.00 2 4 . 3 5 5.48 0, 00 0.00 0.00 0.00 5.48 
HP 0.J0 0.0J 24.82 5. 59 0. 00 0.00 0.00 0.0 0 5.59 
46 o . u o 0.00 25.28 5.b9 0.00 0.03 0.00 0.00 5.69 
47 o . u o 0. OJ 25.77 5. 80 0. 00 0. JU 0.00 0.0 0 5.60 
48 0.00 0. 0 J 26. 23 5.90 0. 00 0.00 0.00 0. D 0 5.90 
49 U.O0 J.UJ 26. 70 6. 01 0.00 0.00 u . o o 0.00 6.01 
50 0.00 0.0J 27. 15 6. 11 0.00 0.00 0.00 0.0 0 6.11 
51 0.00 0.00 27.bl 6. 21 O.JO 0. 00 u.OO J.0 0 6.21 
52 O.UO 0. 00 28. 01 (-.32 0.00 0.3 0 3.00 0.0 0 6. 3? 
53 o . c o u. 00 28. 5o b. i<3 0.00 0.30 0. Ou 0.00 H.43 
5* J.00 J. o c 29. 3 2 fc. 53 J. 00 O.JO 3.00 J.JO 6.53 
55 0.00 U.JO 29. 48 6. 63 0. 00 o . o u 0.00 0.0 0 6.b3 
5o O.JO O.JO 29. 9 * B. 7* 0.00 0.00 0.00 0.0 0 6. 74 
57 0.00 0. OJ 3 0 , H 1 6. e * 0.00 o . u o 0.00 D . 0 0 6.6* 
58 J .00 O.Oy 30.86 6. 94 0.00 o . o c 0.00 0.00 6.94 
59 O.JO 0. JJ 31 .34 7.05 0.00 0.00 U.JO 0.00 7. 05 
BU 0. o u 0.00 29.2 7 6. 56 0. 30 0.00 0.00 0.0 0 6.58 
































2 8 . 
5 1 . 
1 0 1 . 
2 8 * . 
3 4 0 . 
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1 1 . 
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6 4 . 

















1 1 . 
2 3 . 
6 4 . 
7 0 . 
1 7 5 
higher output rate. Note that the number of shifts does not drop until 
the following month. Analysis of the data shows that the reason for 
expansion was that the maximum number of months of operation above long-
run overtime levels for TABLE-1 had been reached. Despite the greater 
capacity of TABLE-2, use of only one shift would have required another 
month at high levels of overtime; which was not permissible. The cyclical 
pattern of workforce adjustments in months 3 6 - 3 9 and U 0 - U 3 stems from -
the following sequence: 
1 ) A decrease in one shift which eliminates surplus capacity, 
but causes high levels of overtime. 
2) After one month at high overtime, another shift is added. 
This causes excess capacity, but no layoffs can occur for at 
least 3 months due to minimum workforce contraction period 
restriction. 
After month k39 the load on process step ASSY AREA is sufficient to 
justify two shifts. 
6 . 3 . 2 Financial Reporting 
Financial reporting consists of monthly cash flow and quarterly 
income statements with annual summaries of both. Sample reports for 
the Widget model are shown in Tables 6 . 1 0 through 6 . 1 3 . 
Upon request, MVPM will calculate the present worth of the 
monthly net cash flow, at a user-specified discount rate. Additionally, 
it examines the sensitivity of this index to variations in discount rate 
by calculating ten other cash flow present worth values over a range of 
+ _ 5 0 % of the value specified by the user (Table 6 . l U ) . 
Table 6 . 1 5 shows an example of the ratio analyses which can be 
176 
T a b l e 6 . 1 0 M o n t h l y C a s h F l o w R e p o r t 
CA3H FLOW REPORT FOR tEAR 1 
MONTH t 1 MO NTH t 2 ^MONTH! 6 
(J100) ($100) (S100J 
CASH BALANCE (BOP) 21,0 .00 10 .0 0 40.87 
TOTAL RECEIPTSl 
NET SALESi 
GROSS SALES 0.00 117.50 275.05 
R E T U R N S , A L L O W A N C E S , BAG CEeT 0.00 70.50 165.03 
C . O u 47.00 110.02 
SHAREHOLDER EUUITY 0.00 0.00 0 , QQ 
BORROWING 0.00 124.77 80.36 
SALE CF PLANT EQUIPMENT 0.00 0.00 0*00 
TOTAL CASH INFLOW 0.00 171.77 190.40 
TOTAL DISBURSEMENTS! 
PLANT WAGES AriO SALARIES I 
REGULAR TIME 67.47 87.47 87.47 
OVER TIME O . O u 0.00 O.QQ 
LABOR HIRZ/FIRE COSTS 21.87 0.00 ° » 0 0 
RAW MATERIALS PURCHASES 0.00 41.60 59.49 
PLANT EQUIPMENT PURCHASES 4.75 0.00 °»"0 
PLANT RENT ft.40 8.40 8'*° 
PLANT OVERHEAD .64 .71 » 9 8 
PLANT ENERGY/UTILITY COSTS .00 .00 •01 
PAYROLL TAXES AND FRINGE 3ENEFITS 4 .37 4.37 '••37 
INVENTORY TAX O.OO O.OU O.OQ 
PLANT EQUIPMENT TAX 0.00 0.00 0 • 0 0 
SALES AND MARKETING EXPENSE 1.00 1.15 * » 7 6 
ADMINISTRATIVE SALARIES 4.00 4.19 *»»?3 
OFFICE CQUIPMENT PURCHASES 0.00 10.00 10.00 
OTHER ADMINISTRATIVE EXPENSES 1 .0U 1.02 *«08 
INTEREST EXPENSE .87 1,48 *>»58 
DEBT REPAYMENT 55 .63 0.0 0 °'00 
INCOME TAX PAYMENTS 0.00 0.00 0.00 
TOTAL CASH OUTFLOW 19C.00 160.38 183.07 
NET CASH FLOW -190.00 11.39 7« 3 <» 
CASH BALANCE <EOP» 1G.00 21.39 48.20 
. . . . . J 5 IKSSI: 
O U T S T A N D I N G DEBT (EOF) 44.37 169.14 523.90 
T a b l e 6 . 1 1 A n n u a l C a s h F l o w R e p o r t 
CASH FLOW REPORT FOR YEAR 1 
(£100 ) 
CASH BALANCE (GJP) 2 0 0 . 
TOTAL RECEIPTSl 
NET SALESl 
GROSS SALES 3 4 5 6 . 
R E T U R N S , AL O W A N C E S , 8AO DEBT 2 0 7 4 . 
1 3 8 2 . 
SHAREHOLDER EQUITY 0. 
BORROWING 7 3 7 . 
SALE CF PLANT EQUIPMENT 0. 
TCTAL CASH INFLOW 2 1 2 0 . 
TOTAL D I S B U R S E M E N T S ! 
PLANT WAGES AND S A L A R I E S ! 
REGULAR TIME 1 0 5 0 . 
OVER TIME 4 8 . 
LABOR HIRE/FIRE COSTS 2 2 . 
RAW M A T E R I A L S PURCHASES 7 0 3 . 
PLANT EQUIPMENT PURCHASES 5. 
PLANT RENT 1 0 1 . 
PLANT OVERHEAD 1 2 . 
PLANT ENERGY/UTILITY CCSTS 0. 
PAYROLL TAXES AND FRINGE B E N E f I T S 5 5 . 
INVENTORY TAX 0. 
PLANT EQUIPMENT TAX 0. 
SALES AND MARKETING EXPENSE 2 2 . 
ADMINISTRATIVE SALARIES 6 0 . 
OFFICE EQUIPMcNT. PURCHASES 4 0 . 
OTHER ADMINISTRATIVE EXPENSES 1 3 . 
INTEREST EXPENSE 5 3 . 
DEBT REPAYMENT 5 6 . 
INCOME TAX PAYMENTS 5. 
TCTAL CASH OUTFLOW 2 2 4 3 . 
NET CASH FLOW - 1 2 3 . 
CASH BALANCE (EOPI 7 7 . 
OUTSTANCING DEBT (EOP) 7 8 2 . 
1 7 8 
T a b l e 6 . 1 2 Q u a r t e r l y I n c o m e S t a t e m e n t s 
NET INCOME STATEMENT FOR YEAR 1 
NET SALES 
COST OF GOCDS SOLDI 
FINISHED G O O D S INVENTORY (BOP» 
COST OF GOODS PRODUCED J 
COST OF RAW MATERIALS USEDI 
RM INVENTORY <BOP> 
RM RECEIVED 
RM INVENTORY IEOP) 
PLANT WAGES AND S A L A R I E S 
PLANT LADOR HIRE/FIRE COSTS 
PLANT EQIPMENT DEPRECIATION 
PLANT RENTAL EXPENSE 
PLANT CVERHEAO 
PLANT ENERGY/UTILITY CCSTS 
PAYROLL TAXES t FRINGE BENEFITS 
INVENTORY TAX 
EQUIPMENT TAX 
FINISHEO G O O D S INVENTORY (EOPI 
G R O S S INCOME 










































S A L E S AND ADMINISTRATIVE E X P E N S E ! 
SALES AND MARKETING EXPENSE 3.46 
ADMINISTRATIVE S A L A R I E S 12.56 
CFFICE EQUIPMENT D E P R E C I A T I O N .50 





NET OPERATING INCOCE 





NET INCOME BEFORE INCOME TAXES 





NET INCC1E AFTER INCOME TAXES - 1 8 . 6 7 86.77 
T a b l e 6 . 1 3 A n n u a l Income S t a t e m e n t 
NET INCOME STATEMENT FCR YEAR 1 
($1001 (SlbO) 
NET SALES 1 6 0 2 . 
C O S T OF GOODS SCLDI 
FINISHED G O O C S INVENTORY (COP) 0. 
COST OF G O O D S PRODUCED! 
COST OF RAW MATERIALS U S E D . 
RM INVENTCRY (BOP) 0. 
Rf RECEIVEO 793. 
RM INVENTORY (EOP) ' 0. 
7 9 3 . 
PLANT WAGES AND S A L A R I E S 1 0 9 7 . 
PLANT LABOR HI RE/FIRE COSTS 2 2 . 
PLANT -QIPrtENT DEPRECIATION 1. 
PLANT RENTAL EXPENSE 1 0 1 . 
PLANT OVERHEAD 1 3 . 
PLANT ENERGY/UTILITY CCSTS 0. 
PAYROLL TAXES I FRINGE BENEFITS 5 5 . 
INVENTORY TAX 3 6 . 
EQUIPMENT TAX 0. 
2 1 1 7 . 
FINISHED GOOCS INVENTORY (EOF) 7 5 3 . 13£<.. 
G R O S S INCOME 2 3 S . 
SALES AND ADMINISTRATIVE E X P E N S E ! 
SALES AND MARKETING EXPENSE 2 2 . 
ADMINISTRATIVE S A L A R I E S 6 0 . 
OFFICE EQUIPMENT DEPRECIATION €. 
OTHER ADMINISTRATIVE E X P E N S E S 1 3 . 1 0 1 . 
NET OPERATING INCOPE 1 3 7 . 
INTEREST EXPENSE 5 3 . 
NET INCOME BEFORE INCOME TAXES fiw. 
INCOME TAX EXPENSE 2 2 . 
NET INCCME AFTER INCOME T A X E S 6 2 . 
OPERATING L O S S ! 
CUMULATIVE 0. 
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T a b l e 6.lh D i s c o u n t e d C a s h F l o v A n a l y s i s 
DISCOUNTED CASH FL OH ANALYSIS 
SENSITIVITY TO 507. VARIATION (•-! AROUND INTEREST RATE OF .15 













NOTE « FOR OCF A N A L Y S I S , STARTUP LCAN AND EQUITY AMOUNT ARE TREATED AS POSITIVE 
AND NEGATIVE COM FONc N T S, RESPECTIVE!. Y, OF THE MONTH ONE NET CASH FLOW. 
T a b l e 6 . 1 5 F i n a n c i a l R a t i o A n a l y s i s 
FINANCIAL RATIO A N A L Y S I S : YEAR 1 
MEASURES OF LIQUIDITY 
FINISHED GOODS INVENTORY I RAH M A T E R I A L S INVENTORY I 
CURRENT RATIO QUICK RATIO TURNOVER AVG. DAYS IN TURNOVER AVG. DAYS IN 
7.44 2,02 3.62 100.70 ****** .00 
LONG TERM FINANCIAL STRENGTH 







GROSS PROFIT NET PROFIT RETURN ON RETURN ON 
MARGIN MARGIN OWNER EQUITY TOTAL ASSETS 
.15 .04 .38 . 06 
OO 
HOTEI ASTERISKS (*•••»•) INDICATE THAT INDEX IS VERY LARGE OR CANNOT BE COMFUTEC WITH CURRENT YEAR'S DATA. 
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generated from each y e a r ' s annual cash flow and income information the 
formulae used f o r computation are shown below. 
The Cash and Inventory accounts are equal , r e s p e c t i v e l y , t o the cash 
balance (EOP), and the sum f o r raw m a t e r i a l s and f in ished goods inven­
t o r i e s . Because of assumptions on payment, taxes payable cons is t s of 
taxes on i n v e n t o r y , equipment, and income that show on the income s t a t e ­
ment. Accounts r e c e i v a b l e are computed as one t h i r d of q u a r t e r l y sa l e s 
in the l a s t q u a r t e r l y income statement. Accounts payable are ca lcu la ted 
in s i m i l a r fashion from raw m a t e r i a l s purchased in the l a s t q u a r t e r . The 
formula f o r the quick r a t i o i s the same as tha t f o r the current r a t i o , 
except t h a t i n v e n t o r i e s do not appear in the numerator. 
Current Ratio = -Current Assets 
Current L i a b i l i t i e s 
Cash + Accounts + Inventory 
Accounts Receivable + Taxes Payable 
Finished Goods 
Inventory Turnover Finished Goods Inv. (BOP + E0P)/2 
Cost of Goods Sold 
Raw Mater ia l s 
Inventory Turnover 
Cost of Raw Mater ia l s Used 
Raw Mater ia l s Inv. (BOP + E0P)/2 
Time in Inventory 365 
Inventory Turnover 






Equity Investment + Cumulative Earnings 
In the denominator of the debt to equity r a t i o , cumulative earnings acts 
as a proxy f o r the balance sheet re ta ined earnings account, based on 
the assumption t h a t no dividends are paid . 
Net Operating Income 
Times-Interest-Earned = I n t e r e s t Expense 
Operating Eff ic iency Operating Expenses 
Operating Revenues 
Cost of Goods Sold + S&A Expense 
Net Sales 
Gross P r o f i t Margin Gross Income Net Sa les 
Net P r o f i t Margin Net Income A f t e r Taxes Net Sa les 
Return on Owner Equity = Net Income A f t e r Taxes 
Equity Investment + Cumulative Earnings 
Return on Assets 
Net Income A f t e r Taxes 
Total Assets 
Net Income A f t e r Taxes 
Total L i a b i l i t i e s 
Net Income A f t e r Taxes 
Current L i a b i l i t i e s + Owner Equity + Debt 
1 8 4 
The indices l i s t e d above y i e l d a multi-dimensional view of a 
firm being studied: short and long term f i n a n c i a l s t r e n g t h , operating 
e f f i c i e n c y , and p r o f i t a b i l i t y v i s - a - v i s d i f f e r e n t groups with f i n a n c i a l 
i n t e r e s t in the company. While the indices used i s by no means exhaus­
t i v e , they do comprise many of the most commonly used measures. 
Figure 6. 6 shows the f i n a l form of output a v a i l a b l e : a p l o t of 
monthly cash f low. Su i tab l e accuracy i s not provided t o enable the 
points p l o t t e d t o be used as the bas i s f o r computation. Rather, the 
graph produced can serve as a v i s u a l reinforcement of numerical da ta , 
or as a means f o r deciding on the extent of report ing des ired from any 
given conf igurat ion of input data . Reference to Figure 6.7 i l l u s t r a t e s 
t h i s f a c t . The steady cash flow in year one i s due t o constant borrow­
ing t o cover net outflow from o p e r a t i o n s , and to maintain required 
minimum balances . The pa t t ern f o r years two and t h r e e i l l u s t r a t e s the 
e f f e c t of loan repayments as the business begins to become s o l v e n t . In 
years four and f i v e , the business becomes p r o f i t a b l e : the sharp 
negat ive flows occurr ing-every t h r e e months stem from q u a r t e r l y tax pay­
ments in the month a f t e r end-o f -quar ter . 
6.k Equipment Considerations 
6.h.± T r a n s p o r t a b i l i t y 
As was s ta ted in Chapter I I I , MVPM was coded with t r a n s p o r t a b i l i t y 
in mind. The language used was Control Data Corporation (CDC) FORTRAN 
Extended h.6, which i s designed t o comply with the American National 
Standards I n s t i t u t e FORTRAN. Ef fort was made t o avoid use of language 










O (1) CN 
I—1 o 
MONTHLY NET CASH FLOW 
=====>RANGEl -15997.48 TO 3 8 3 2 3 . 3 6 . 
Ill 11II III III I III IIIIII III I III IIIIIIIIII III IIIIIIII 
1 -19000.00 
2 - * 1138.70 
3 - * 325.35 
4 - * 838.95 
5 - * 783.54 
6 - * 733.63 
7 - * 681.22 
a - * 4 2 5 . 8 7 
9 - * 356.52 
10 - <* 893.29 
ii - * 264.60 
12 - * 216.31 
13 - • 1324.56 14 - * 425.96 
15 - 555.33 
16 - * 1313.81 
17 - 41.70 
13 - * .00 19 - * 1736.98 
20 - * .00 
21 - • -334.31 
22 - * 1 6 2 0 . 8 4 
23 - • .00 
24 - * -660.30 
25 - * 1342.53 
26 - • .00 
27 - -834.04 
2d - * 1074.8C 29 - * 0.00 
30 - - 1 1 1 0 . 3 7 31 - * 317.28 
32 - * .00 
33 - « -1261.72 
34 - • 325,81 
35 - .00 
36 - * - 2 1 2 6 . 7 7 
37 - * -1675.96 
3d - * 13002.88 
39 • * 1 9 7 6 8 . 2 9 
40 - * - 5 9 2 2 . 6 3 
••1 - * 26422.68 
42 - * 28346.49 
43 - * -11064.28 
44 - * 26051.53 
45 - * 29959.94 
46 -113H9.64 
47 - » 31951.75 48 - * 32422.15 
*9 • * -13044.29 
50 - * 33362.50 
51 - * 2 3 4 2 5 . 1 7 
52 
m * -14097.73 53 - * 34809.96 
54 - * 35247.80 
55 * -16854.83 
56 - * 36243.29 
57 _ * 3 6 6 8 0 . 9 1 
58 - 1 9 9 9 7 . 4 8 
59 - • 36037.30 
60 - » 38323.36 
IIIIIII III IIIIIIIIIIIII III IIIIIIIIIIIIII III III IIIII 
1 8 6 
nonstandard usages were necessary: 
1 ) The PROGRAM statement. This i s mandatory in CDC FORTRAN. 
2 ) The EOF(u) func t ion , where u i s a device number. I t was 
necessary t o use t h i s in cases where the user could most 
l o g i c a l l y terminate an input sequence with a blank l i n e . 
3 ) Implied DO-Loops in data statements . Used in block data sub­
rout ine . 
Use of the 6 0 - b i t CDC word f o r character data storage may a l so 
cause problems on systems with d i f f e r e n t word conf igurat ions . Taken as 
a whole, the above items are r e l a t i v e l y minor, and f a l l w e l l wi thin the 
scope of the "one-time e f f o r t " mentioned in Chapter I I I . 
6 . U . 2 Required Core Space and Speed of Processing 
One of the more ser ious c o n s t r a i n t s on model construct ion was t h a t 
the main program and a l l ex terna l re ferences had to be small enough to 
a l low f o r i n t e r a c t i v e processing. MVPM was developed and run on the 
CDC Cyber 7 U -as configured at the Georgia I n s t i t u t e of Technology. On 
t h i s system, l a r g e jobs r e c e i v e low p r i o r i t y , so t h a t t h e r e e x i s t s a 
v e r y r e a l t r a d e o f f between s i ze and i n t e r a c t i v e speed. Hence the use of 
l a r g e a r r a y s was avoided except where necessary. 
In t h i s r e g a r d , the goal of t r a n s p o r t a b i l i t y proved to be a 
hinderance. I f f u l l use were made of CDC loader opt ions , a segmentation 
scheme could have been developed to g r e a t l y reduce core requirements. 
The program in Appendix C requires l ^ , U 0 0 g ( 5 1 , 1 + 5 6 . ^ ) words of core 
s torage t o load. Segmentation of the load could be achieved as 









As t h i s i l l u s t r a t i o n i n d i c a t e s , u s e o f s e g m e n t a t i o n w o u l d keep 
t h e l a r g e i n p u t and o u t p u t s u b r o u t i n e s • f r o m b e i n g c o r e r e s i d e n t a t t h e 
same t i m e . 
E x p e r i e n c e w i t h MVPM ( u s i n g d a t a p r e s e n t e d i n t h e n e x t c h a p t e r ) 
has shown t h a t t h e s i m u l a t i o n p r o c e s s t a k e s a p p r o x i m a t e l y 6 - 8 CPU 
s e c o n d s . R e p o r t g e n e r a t i o n i s more c o s t l y , w i t h a f u l l s e t o f r e p o r t s 
r e q u i r i n g as much as 1 0 - 1 U CPU s e c o n d s . These numbers a r e v e r y r e a s o n ­
a b l e , and u s e o f c o m p i l e r o p t i m i z i n g o p t i o n s and o t h e r s y s t e m f e a t u r e s 
w o u l d p r o b a b l y r e s u l t i n even f a s t e r p r o c e s s i n g . 
6 . 5 V a l i d a t i o n 
M o d e l v a l i d a t i o n was i m p l e m e n t e d a l o n g t h e l i n e s o f t h e e q u a t i o n s 
o f C h a p t e r V , and t h e r a w m a t e r i a l s o r d e r i n g a l g o r i t h m s p r e s e n t e d 
e a r l i e r i n t h i s c h a p t e r . F o r v a r y i n g i n p u t c o n f i g u r a t i o n s , m o n t h l y and 
a n n u a l r e p o r t d a t a w e r e c h e c k e d v i a m a n u a l c o m p u t a t i o n . Numerous c h e c k s 
o f t h i s n a t u r e w e r e made d u r i n g m o d e l d e v e l o p m e n t . Any e r r o r s d i s c o v e r e d 
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in l og i c or coding were immediately correc ted . 
One drawback to t h i s procedure i s tha t the problems used f o r 
t e s t i n g had to be of simple enough s t r u c t u r e to al low f o r f e a s i b l e manual 
e v a l u a t i o n . A d e s i r a b l e avenue f o r fu ture work with the model would be 
to design a means f o r t e s t i n g i t s performance on l a r g e nad/or v e r y com­
plex problems. 
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C H A P T E R V I I 
A P P L I C A T I O N O F T H E M A N U F A C T U R I N G V E N T U R E P L A N N I N G M O D E L 
T h i s c h a p t e r d e s c r i b e s t h e a p p l i c a t i o n s o f M V P M t o a n e w v e n t u r e 
p r o p o s a l . T h e v e n t u r e t o b e e x a m i n e d i s a s t a p l e r m a n u f a c t u r i n g f i r m . 
T h e p u r p o s e o f t h i s u s e o f t h e m o d e l i s t o i l l u s t r a t e i t s a d a p t a b i l i t y 
t o a r e a l c a s e . T h e d a t a w h i c h i s t h e b a s i s f o r t h i s c a s e v a s d e v e l o p e d 
b y R i c a r d o L o p e z , G u i l l e r m o R o d r i g u e z , N a t h a n S l o c h o w s k i , a n d O s c a r 
V e l a s c o w h i l e e n g a g e d i n g r a d u a t e s t u d y a t t h e G e o r g i a I n s t i t u t e o f 
T e c h n o l o g y . 
T h e f i r m w i l l i n i t i a l l y p r o d u c e a s i n g l e l i n e o f s t a p l e r s , c o m ­
p o s e d o f p a r t s a s s h o w n i n F i g u r e T . l . T h e v e n t u r e p l a n c a l l s f o r s o m e 
p a r t s t o b e p u r c h a s e d , a t l e a s t i n t h e i n i t i a l y e a r s o f o p e r a t i o n . 
S p e c i f i c a l l y , t h e f i r m w i l l h a v e c a p a c i t y f o r c o n v e r s i o n o f s h e e t s t e e l : 
s t a m p i n g p r e s s , f e e d e r , d e g r e a s i n g e q u i p m e n t , a n d p a i n t i n g e q u i p m e n t . 
P a r t s t h a t w i l l b e p u r c h a s e d a r e : 
P l a s t i c : s t a p l e r b a s e 
p r e s s e r 
T i n : c a t c h h o l d e r 
r i v e t 
O t h e r : s p r i n g ( s t e e l ) 
a x l e ( c o l d r o l l e d s t e e l ) 
s h a f t ( c a r b o n s t e e l ) 
M a n u f a c t u r e o f p a r t s f r o m s h e e t s t e e l a n d a s s e m b l y o f c o m p o n e n t s 
i n t o f i n i s h e d s t a p l e r s i s t o t a k e p l a c e i n a p l a n t c o m p o s e d o f s i x 
a r e a s : 








M e c h a n i s m B a s e 
S t a p l e r B a s e 
R i v e t 
C h a n n e l C o v e r 
C a t c h H o l d e r 
C a t c h 
D r i v e r 
P r e s s e r 
S h a f t 
<\Cj) P u s h e r 
U) S p r i n g 
S p r i n g H o l d e r 
<8>- C h a n n e l 
A x l e 
F IGURE 7 . 1 
A s s e m b l e S A - 1 t o 
M e c h a n i s m B a s e . 
A s s e m b l e C o m p o n e n t s 
A - 2 ) o f A 2 . 
A s s e m b l e S A - 2 
i n t o C h a n n e l . 
A s s e m b l e A - l , A - 2 , a n d 
A - 3 b y p l a c i n g a x l e 
i n t o p o s i t i o n . 
I n s p e c t . 
A - 6 ) C l e a n . 
A - 7 ) P a c k . 
ASSEMBLY CHART FOR STAPLER 
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S t a m p i n g A r e a 
D e g r e a s i n g A r e a 
F a i n t i n g A r e a 
A s s e m b l i n g A r e a 
F i n i s h e d P r o d u c t S t o r a g e 
R a w M a t e r i a l s S t o r a g e 
T h e o p e r a t i o n s n e c e s s a r y f o r s t a p l e r c o n s t r u c t i o n a r e s h o w n i n 
F i g u r e 7 . 2 . A s t h e f i g u r e s h o w s , c e r t a i n p a r t s a r e m a n u f a c t u r e d b y t h e 
f i r m , a n d t h e n a r e s e n t t o a n o u t s i d e c o n t r a c t o r f o r s p e c i a l p r o c e s s i n g 
b e f o r e f i n a l a s s e m b l y t a k e s p l a c e . 
T h e v e n t u r e o u t l i n e p r o v i d e d a b o v e d o e s n o t f i t n e a t l y i n t o t h e 
c h a r a c t e r i z a t i o n s c h e m e d e v e l o p e d i n C h a p t e r V . T w o m a i n p r o b l e m s e x i s t : 
1 ) S t r a i g h t f o r w a r d u s e o f t h e p l a n t a r e a s d e s c r i b e d a b o v e a n d 
t h e i n f o r m a t i o n c o n t a i n e d i n F i u g r e 7 . 2 f o r d e v e l o p m e n t o f 
p r o c e s s s t e p / p r o d u c t i o n i t e m r e l a t i o n s e x c e e d s t h e b o u n d s o n 
p r o b l e m s i z e . 
2 ) M V P M d o e s n o t e x p l i c i t l y p r o v i d e f o r u s e o f c o n t r a c t o r s . 
A p p l i c a t i o n o f t h e m o d e l r e q u i r e s s o m e m o d i f i c a t i o n o f t h e m a n n e r i n 
w h i c h t h e e n t e r p r i s e a n d i t s o p e r a t i o n s a r e d e s c r i b e d . O n e m e a n s o f 
a t t a i n i n g u s a b l e r e s u l t s i s d e s c r i b e d b e l o w . 
T h e s i x a r e a s d e s c r i b e d a b o v e a r e a g g r e g a t e d i n t o f o u r : 
S t a m p i n g a n d D e g r e a s i n g A r e a 
P a i n t i n g A r e a 
A s s e m b l y A r e a 











11. SPRING 9. SHAFT 
DRIVER 
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This does not requ ire u n r e a l i s t i c s i m p l i f i c a t i o n of operat ions , 
s ince a l l items being stamped are a l so degreased. This area (step) i s 
assigned two a l t e r n a t e conf igurat ions , which are a c t u a l l y iden­
t i c a l pieces of equipment, but which have d i f f e r e n t s t a f f i n g r e q u i r e ­
ments. Thus we have an example of how the i n v a r i a b l e s h i f t composition 
assumption need not be as r e s t r i c t i v e as i t might appear. 
The problem of how to handle the contractor modif icat ion of p a r t s 
i s overcome by taking a s l i g h t l y d i f f e r e n t p e r s p e c t i v e . I f a uni t of 
"contractor s erv i ce" i s defined as the contractor act ion necessary to 
t r e a t one p a r t , then the contractor s e r v i c e uni t can be costed at the 
averaged cost per p a r t processed. Since the model "purchases" u n i t s of 
contrac tor s e r v i c e , they may be t r e a t e d as any other raw m a t e r i a l . 
The r e v i s e d flow of production i s i l l u s t r a t e d in Figure 7.3. 
Contractor s e r v i c e s are inputs to c e r t a i n items produced in the stamping 
and degreasing a r e a , Channel cover and Me.chanism Base are separated 
into two items each to ind icate t h e i r d i f f e r e n t s t a t e s before and a f t e r 
pa int ing . 
At t h i s point i t i s i n s t r u c t i v e to look at the development of 
the mechanical d i f f i c u l t y f a c t o r s assoc iated with items produced in the 
stamping and degreasing area . Lett ing ex. be the f a c t o r appl icable to 
item j , we wish to f ind 
1 * 1 
j OUTPUT. a j ~ OUTPUTM 
OUTPUT,, 
' > 0 t j = OUTPUT. • a E ( 0 ' ™ ) 
J 
S h e e t S t e e l 
SDGAR 
CHANNEL 
( C h r o m e C o n t r . ) 
S h e e t S t e e l 
S h e e t S t e e l 
( H e a t T r . C o n t r . 
S h e e t S t e e l 
( C h r o m e C o n t r . ) 
S h e e t S t e e l 
S h e e t S t e e l 
SPGAR = S t a m p & D e g r e a s e A r e a 
P A I N T A R = P a i n t A r e a 




P a i n t S t a p l e r B a s e (BASE) 
R i v e t 
F IGURE 7.3 
4> 
PRODUCTION FLOW CHART FOR STAPLER 
195 
w h e r e 
T a b l e T . l S t a p l e r V e n t u r e : M e c h a n i c a l D i f f i c u l t y F a c t o r s 
I t e m 
A c t u a l 
O u t p u t a 
MBASE1 hQ6 1 8 . 89 
CHANC0V1 hQ6 1 8 . 89 
CATCH 1313 6 . 99 
DRIVER 1*86 1 8 . 89 
SPRHOLD 1 0 , 2 0 0 0 . 9 
PUSHER 1 0 , 2 0 0 0 . 9 
CHANNEL 268 3h. 25 
Maximum a t t a i n a b l e r a t e : 9L80 (90% o f max. r a t e d c a p a c i t y ) 
Use o f t h i s v a l u e f o r maximum o u t p u t y i e l d e d t h e d a t a i n T a b l e T . 2 . 
E x a m i n a t i o n o f t h e s u r p l u s c a p a c i t y i n f o r m a t i o n i n d i c a t e s a t r e m e n d o u s 
amount o f o v e r c a p a c i t y t h r o u g h o u t t h e p l a n n i n g p e r i o d . I n f a c t , t h i s 
much e x c e s s c a p a c i t y does n o t e x i s t . The h i g h s u r p l u s c a p a c i t y f i g u r e s 
a r e s i m p l y a r e s u l t o f a m i s s p e c i f i c a t i o n o f maximum o u t p u t r a t e , as 
OUTPUTM = "Maximum" o u t p u t r a t e ( u n i t s / h r ) 
OUTPUT. = A c t u a l o u t p u t r a t e f o r i t e m , ( u n i t s / h r ) 
A c t u a l o u t p u t f o r a l l i t e m s p r o d u c e d i n t h e s t a m p i n g and d e g r e a s ­
i n g a r e a a r e shown i n T a b l e T . l . A l o g i c a l c h o i c e f o r a "maximum" o u t p u t 
r a t e i s an e s t i m a t e o f t h e maximum f e a s i b l e r a t e f o r t h e e q u i p m e n t i n 
q u e s t i o n . 
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T a b l e 7 . 2 S t a m p i n g and D e g r e a s i n g A r e a O p e r a t i o n s 
P r o f i l e : " H i g h " S u r p l u s 
OPERATIONS PROFILEl P R O C E S S S T E P - SD6AR 
OT HRS ACTUAL SURPLUS CAPACITYI 
PC H O U R S HOURS HOURS SHIFTS PER MAN, OUTPUT FRACTION 
MONTH USED SCHEOULEO UTILIZED DOWN PER DAY PER SHIFT (UNITS) UNITS OF OUTPUT 
1 ST/DG1 1.2 1.2 .01 ! . 0.0 569.0 2098.86 
ro
 
S T / D G 1 2.3 2.3 .01 1. 0.0 1137.0 1043.24 
3 ST/DG1 9.5 9.5 .05 1. 0.0 4655.0 2 4 4 . 0 7 
4 ST/OG1 9.5 9.5 .05 1. 0.0 4655.0 2 4 4 . 0 7 
5 ST/DG1 9.5 9.5 .05 1. 0.0 4655.0 244.07 
6 ST/DG1 9.5 9.5 .05 1. 0.0 4655.0 244.07 
7 ST/OG1 9.5 9.5 .05 1. 0.0 4655.0 244.07 
CO
 ST/OG1 9.5 9.5 .05 1 . 0.0 4655.0 244.07 
9 ST/DG1 9.5 9.5 .05 1. 0.0 4655.0 244.07 
10 ST/OG1 9.5 9.5 .05 1 . 0.0 4655.0 2 4 4 . 0 7 
11 ST/DG1 9.5 9.5 .05 1. 0.0 4655.0 244.07 
12 ST/OG1 9.5 9.5 .05 1 . 0.0 4655.0 244.07 
13 ST/DG1 30.7 30.5 .15 1 . 0.0 14982.0 9 8 9 2 5 1 . 66.03 
l* ST/DG1 30.7 30.5 .15 1. 0.0 14962.0 9 8 9 2 5 1 . 66.03 
15 ST/DG1 30.7 30.5 .15 1. 0.0 14982.0 9 8 9 2 5 1 . 66.03 
16 ST/O&l 30 . 7 30.5 .15 1. 0.0 14982.0 9 8 9 2 5 1 . 66.03 
17 ST/0G1 30 . 7 30.5 .15 1. 0.0 14982.0 9 8 9 2 5 1 . 66.03 
18 ST/OG1 30.7 30.5 .15 1. 0.0 14982.0 9 8 9 2 5 1 . 66.03 
19 ST/DG1 30.7 30.5 .15 1. 0.0 14982.0 9 8 9 2 5 1 . 66.03 
20 ST/OG1 30.7 30.5 .15 1. 0.0 14982.0 9 8 9 2 5 1 . 66.03 
21 ST/OG1 30.7 30.5 .15 1 . 0.0 14982.0 9 8 9 2 5 1 . 66.03 
22 ST/DG1 30.7 30.5 .15 1. 0.0 14982.0 9 8 9 2 5 1 . 66.03 
23 ST/OG1 30 . 7 30.5 .15 1. 0.0 14982.0 9 8 9 2 5 1 . 66.03 
24 ST/DG1 30.8 30.6 .15 1 . 0.0 15010.0 9 8 8 8 5 2 . 65.88 
25 ST/DGi 83.2 82.8 .42 1. 0.0 40606.0 6 2 4 7 9 2 . 15.39 
26 ST/DG1 83.2 82.8 1. 0.0 40606.0 6 2 4 7 9 2 . 15.39 
27 ST/OG1 83.2 82.8 .42 1. 0.0 40606.0 6 2 4 7 9 2 . 15.39 
28 ST/OG1 63.2 82.8 .42 1. 0.0 40606.0 6 2 4 7 9 2 . 15.39 
29 ST/DGI 83.2 82.8 .42 1. 0.0 40606.0 6 2 4 7 9 2 . 1 5 . 39 
30 ST/DGI 83.2 82.8 .42 1. 0.0 40606.0 6 2 4 7 9 2 . 15.39 
31 ST/OG1 83.2 82.8 .42 1. 0.0 40606.0 6 2 4 7 9 2 . 15.39 
32 ST/OGi 63.2 82.8 .42 1. 0.0 40606.0 6 2 4 7 9 2 . 15.39 
33 ST/DGI 83.2 82.8 .42 1. 0.0 40606.0 6 2 4 7 9 2 . 15.39 
34 S T / D G I 63.2 82.8 .42 1. 0.0 40606.0 6 2 4 7 9 2 . 15.39 
35 ST/OGI 63.2 82.8 .42 1. 0.0 40606.0 6 2 4 7 9 2 . 15.39 
36 ST/OGI 83.3 82.9 .42 1. 0.0 40662.0 6 2 3 9 9 5 . 13.35 
37 ST/DGI 120.2 119.6 .60 1. 0.0 58684.0 3 6 7 6 6 9 . 6.27 
38 ST/DGI 120.2 119.6 .60 1. 0.0 58684.0 3 6 7 6 6 9 . 6.27 
39 ST/DGI 120.2 119.6 .60 1. 0.0 56684.0 3 6 7 6 6 9 . 6.27 
40 ST/DGI 120.2 119.6 .60 1. 0.0 56684.0 3 6 7 6 6 9 . 6.27 
41 ST/DGI 120.2 119.6 .60 1. 0.0 58684.0 3 6 7 6 6 9 . 6.27 
42 ST/DGI 120.2 119.6 .60 1. 0.0 58684.0 367669. 6.27 
43 ST/DGI 120.2 119.6 .60 1. 0.0 58684.0 3 6 7 6 6 9 . 6.27 
44 ST/DGI 120.2 119.6 .60 1. 0.0 58684.0 3 6 7 6 6 9 . 6.27 
45 ST/DGI 120.2 119.6 .60 1. 0.0 58684.0 367669. 6.27 
46 ST/DGI 120.2 119.6 .60 1. 0.0 58684.0 3 6 7 6 6 9 . 6.27 
47 ST/OGI 120.2 119.6 .60 1. 0.0 58684.0 3 6 7 6 6 9 . 6.27 
48 ST/DGI 120 . 2 119.6 .60 1. 0.0 58684.0 3 6 7 6 6 9 . 6.27 
49 ST/DGI 133.3 132.6 .67 1. 0.0 65065.0 2 7 6 9 0 6 . 4.26 
50 ST/DGI 133.3 132.6 .67 1. 0.0 65065.0 2 7 6 9 0 6 . 4.26 
51 ST/OGI 133.3 132.6 .67 1. 0.0 65065.0 2 7 6 9 0 6 . 4.26 
52 ST/DGI 1 3 3 . 3 1 3 2 . 6 .67 1 . 0.0 65065.0 2 7 6 9 0 6 . 4.26 
53 ST/OGI 133.3 132.6 .67 1. 0.0 65065.0 276906. 4.26 
54 ST/OGI 133.3 132.6 .67 1, 0.0 65065.0 2 7 6 9 0 6 . 4.26 
55 ST/OGI 133.3 132.6 .67 1. 0.0 65065.0 2 7 6 9 0 6 . 4.26 
1 9 7 
Table 7.2 cont'd 
56 ST/0G1 133.3 
57 ST/DG1 133.3 
58 ST/OG1 133.3 
59 ST/DG1 133.3 
60 ST/OG1 133.3 
MONTHLY AVG.t 75.1 
132.6 .67 1. 0.0 
132.6 .67 1. 0.0 
132.6 .67 1 . 0.0 
132.6 .67 1. 0.0 
132.6 .67 1. 0.0 
74.8 .38 1. 0.0 
65065.0 2 7 6 9 0 6 . 4.26 
65065.0 2 7 6 9 0 6 . 4.26 
65065.0 2 7 6 9 0 6 . 4.26 
65065.0 2 7 6 9 0 6 . 4.26 
65065.0 2 7 6 9 0 6 . 4.26 
36673.1 6 8 0 7 3 3 . 111.43 
OPERATIONS SUMMARY I PROCESS S T E P - SOGAR 
YEAR 
PC 
U S E O 
OT H R S ACTUAL SURPLUS CAPACITYI 
H O U R S HOURS HOURS SHIFTS PER MAN, OUTPUT FRACTION 
SCHEDULED UTILIZEO DOWN PER DAY PER SHIFT (UNITS) U N I T S OF OUTPUT 
9 9 . 
3 6 8 . 
9 9 8 . 
1 4 4 3 . 
1 6 0 0 . 
9 8 . 
3 6 7 . 
9 9 3 . 
1 4 3 6 . 
1 5 9 2 . 
4 8 2 5 6 . 
1 7 9 8 1 2 . 
4 8 7 3 2 8 . 
7 0 4 2 0 8 . 
7 8 0 7 8 0 . 
7 4 9 6 7 1 1 . 
4 4 1 2 0 2 4 . 







d i s c u s s e d i n S e c t i o n 5 . ^ - 2 . To a r r i v e a t a c o n s e r v a t i v e and more u s e ­
f u l s e t o f s u r p l u s f i g u r e s , l e t OUTPUT^ = 2 8 6 u n i t s / h o u r , w h i c h i s t h e 
l o w e s t r a t e f o r any i t e m p r o d u c e d . The v a l u e s o f t h e r e d e f i n e d f a c t o r s 
a r e g i v e n b e l o w . 
a . 
J 
MB AS E l : 0 . 5 5 
CHANC0V1: 0 . 5 5 
CATCH: 0 . 2 0 
DRIVER: 0 . 5 5 
SPRHOLD: 0 .03 
PUSHER: 0 .03 
CHANNEL: 1 . 0 0 
T a b l e 7.3 i l l u s t r a t e s t h e r e s u l t s o f t h e change i n t h e v a l u e o f 
OUTPUT^. W h i l e a c l e a r i n d i c a t i o n o f e x c e s s c a p a c i t y s t i l l e x i s t s , i t 
i s i n p r o p o r t i o n s w h i c h a r e more r e a l i s t i c and u s e f u l as a p l a n n i n g t o o l . 
N o t e t h a t a l l d a t a c a t e g o r i e s e x c e p t t h o s e d e a l i n g w i t h s u r p l u s a r e 
u n c h a n g e d . 
A n o t h e r c o n s t r u c t i s u s e d t o m o d e l a s i t u a t i o n n o t e x p l i c i t l y 
t r e a t e d b y MVPM. The s i t u a t i o n a r i s e s b e c a u s e t h e r e i s no p l a n t o s t a f f 
t h e m a t e r i a l s h a n d l i n g f u n c t i o n . (The o r i g i n a l v e n t u r e p l a n n e r s assumed 
t h a t t h e r e w i l l be w i t h s u f f i c i e n t i d l e t i m e f o r w o r k e r s t o s a t i s f y a l l 
n e e d f o r movement and s t o r a g e o f m a t e r i a l s ) . I n t h e c o n t e x t o f t h e 
m o d e l , i t i s n e c e s s a r y t o c r e a t e a dummy p r o c e s s c o n f i g u r a t i o n (SMHEQj 
and s t e p (SMHFUNC). I t uses no l a b o r o r o t h e r r e s o u r c e s , b u t r e q u i r e s 
an i n v e s t m e n t e q u a l t o t h e c o s t o f m a t e r i a l s h a n d l i n g and m a i n t e n a n c e -
e q u i p m e n t , and w i l l " o c c u p y " f l o o r space e q u a l t o t h e s t o r a g e a r e a 
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Table 7.3 Stamping and Degreasing Area Operations 
Profile: "Low" Surplus 
OPERATIONS PROFILEl PROCESS STEP- SDGAR 
OT HPS ACTUAL SURPLUS C A P A C I T Y ! 
PC HOURS HOURS HOURS SHIFTS PER MAN, OUTPUT F R A C T I O N 
MONTH USED SCHEDULED UTILIZED DOWN PER DAY PER SHIFT CJNITS) UNITS OF OUTPUT 
1 ST/DG1 1.2 1.2 .01 i. 0.0 569.0 3 4 8 6 5 . 61.27 
ro
 
S T /DG1 2.3 2.3 .01 1. 0.0 1137.0 3 4 6 2 9 . 30.46 
3 ST/OG1 9.5 9.5 .05 1. 0.0 4655.0 3 3 1 6 8 . 7.13 
4 ST/OG1 9.5 9.5 .05 1. 0.0 4655.0 3 3 1 6 8 . 7.13 
5 ST/OG1 9.5 9.5 .05 1. 0.0 4655.0 3 3 1 6 8 . 7.13 
6 ST/0G1 9.5 9.5 .05 1 . 0.0 4655.0 3 3 1 6 8 . 7.13 
7 ST/OG1 9.5 9.5 .05 1. 0.0 4655.0 3 3 1 6 8 . 7.13 S ST/OG1 9.5 9.5 .05 1. 0.0 4655.0 3 3 1 6 3 . 7.13 
9 ST/DG1 9.5 9.5 .05 1. 0.0 4655.0 3 3 1 6 8 . 7.13 
10 ST/OG1 9.5 9.5 .05 1. 0.0 4655.0 3 3 1 6 8 . 7.13 
11 ST/DG1 9.5 9.5 .05 1. 0.0 4655.0 3 3 1 6 8 . 7.13 
12 ST/OG1 9.5 9.5 .05 1. 0.0 4655.0 3316 8. 7.13 
13 ST/OG1 30.7 30.5 .15 1. 0.0 14982.0 2 8 8 8 0 . 1.93 
14 ST/OG1 30.7 30.5 .15 1. 0.0 14982.0 2 8 8 8 0 . 1.93 
15 ST/OG1 30.7 30.5 .15 1. 0.0 14982.0 2 8 8 S 0 . 1.93 
lb ST/OG1 30.7 30.5 .15 1. 0.0 14982.0 2 8 8 8 0 . 1.93 
17 ST/OG1 30.7 30.5 .15 1. 0.0 14982.0 2 8 8 6 0 . 1.93 IS ST/OG1 30.7 30.5 .15 1, 0.0 149B2.0 2 8 6 6 0 . 1.93 
19 ST/OG1 30 . 7 30.5 .15 • 1. 0.0 14982.0 2 6 8 6 0 . 1.93 
20 ST/OG1 30.7 30.5 .15 1. 0.0 14962.0 2 8 6 6 0 . 1.93 
21 ST/OG1 30.7 30.5 .15 1. 0.0 14982.0 2 8 8 6 0 . 1.93 
22 ST/DG1 30.7 30.5 .15 1. 0.0 14982.0 2 8 8 6 0 . 1.93 
23 ST/DG1 30.7 30.5 .15 1. 0.0 1U962.0 2 8 8 8 0 . 1.93 
24 ST/DG1 30.8 30.6 .15 1, 0.0 15010.0 2 8 8 6 9 . 1.92 
25 ST/OG1 83.2 82.8 .42 1. 0.0 40606.0 1 6 2 4 0 . .45 
2b ST/OG1 83.2 82.8 .42 1. 0.0 40606.0 1 8 2 4 0 . .45 
27 ST/OG1 83.2 82.8 .42 1. 0.0 40606.0 1 8 2 4 0 . .45 28 ST/OG1 83.2 82.8 .42 1. 0.0 40606.0 1 6 2 4 0 . .45 
29 ST/OG1 63.2 82.8 .42 1. 0.0 40606.0 1 6 2 4 0 . .45 
30 ST/DG1 83.2 82.8 .42 1. 0.0 &0606.0 1 6 2 4 0 . .45 
31 ST/DG1 83.2 82.8 .42 1. 0.0 40606.0 1 8 2 4 0 . .45 
32 ST/OG1 83.2 82.8 .42 1. 0.0 40606.0 1 8 2 4 0 . .45 
33 ST/OG1 83.2 • 82.8 .42 1. 0.0 40606.0 1 6 2 4 0 . .45 
34 ST/OG1 83.2 82.8 .42 1. 0.0 40606.0 1 8 2 4 0 . .45 
35 ST/DG1 83.2 82.8 .42 1. 0.0 40606.0 1 6 2 4 0 . .45 
3b ST/OG1 83.3 82.9 .42 1. 0.0 40662.0 1 8 2 1 7 . .45 
37 ST/DG1 120.2 119.6 .60 1. 0.0 58684.0 1 0 7 3 4 . .18 38 ST/OG1 120.2 119.6 .60 1. 0.0 58664.0 1 0 7 3 4 . .18 
39 ST/DG1 120.2 119.6 .60 1. 0.0 58684.0 1 0 7 3 4 . .18 
40 ST/OG1 120.2 119.6 .60 1. 0.0 58684.0 1 0 7 3 4 . .16 
41 ST/DG1 120.2 119.6 .60 1. 0.0 58684.0 1 0 7 3 4 . .18 
42 ST/DG1 120.2 119.6 .60 1. 0.0 58664.0 1 0 7 3 4 . .18 
43 ST/OG1 120.2 119.6 .60 1. 0.0 58684.0 1 0 7 3 4 . .18 
44 ST/DG1 120.2 119.6 .60 1. 0.0 58684.0 1 0 7 3 4 . .16 
45 ST/DG1 120.2 119.6 .60 1. 0.0 58684.0 1 0 7 3 4 . .18 
45 ST/DG1 120.2 119.6 .60 1. 0.0 58664.0 1 0 7 3 4 . .18 
W7 ST/OG1 120.2 119.6 .60 1. 0.0 58684.0 1 0 7 3 4 . .18 48 ST/DG1 120.2 119.6 .60 1. 0.0 58684.0 1 0 7 3 4 . .16 
49 ST/OG1 133.3 132.6 .67 1. 0.0 65065.0 8 0 8 4 . .12 
50 ST/OG1 133.3 132.6 .67 1. 0.0 65065.0 8 0 8 4 . .12 
51 ST/OG1 133.3 132.6 .67 1. 0.0 65065.0 8 0 8 4 . .12 
52 ST/DG1 133.3 132.6 .67 1. 0.0 65065.0 8 0 8 4 . .12 
53 ST/OG1 1 3 3 . 3 132.6 .67 1 . 0.0 65065.0 8 0 8 4 . .12 
54 ST/DG1 133.3 132.6 .67 1. 0.0 65065.0 8 0 8 4 . .12 
55 ST/OG1 133.3 132.6 .67 1. 0.0 65065.0 8 0 8 4 . .12 
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Table 7-3 cont'd 
56 ST/OGI 133.3 132.6 .67 1. 0.0 65065.0 8 0 8 4 . .12 
57 ST/DGI 133.3 132.6 .67 1. 0.0 65065.0 8 0 8 4 . .12 
58 ST/OGI 133.3 132.6 .67 1. 0.0 65065.0 8 0 8 4 . .12 
59 ST/OGI 133.3 132. 6 .67 1 . 0.0 65065.0 8 0 6 4 . .12 
60 ST/OGI 133.3 132.6 .67 *• 0.0 65065.0 8 0 8 4 . .12 
MONTHLY AVG.t 75.1 74.8 .38 1. 0.0 36673.1 1 9 8 7 3 . 3.25 
OPERATIONS SUMMARY! P R O C E S S S T E P - SOGAR 
OT HRS ACTUAL SURPLUS CAPACITVI 
PC H O U R S HOURS HOURS SHIFTS PER MAN, OUTPUT F R A C T I O N 
YEAR U S E D S C H E O U L E D UTILIZED DOWN PER OAY PER SHIFT (UNITS) UNITS OF OUTPUT 
1 9 9 . • 9 8 . 0. 4 8 2 5 6 . 4 0 1 1 7 6 . 8.31 
2 3 6 8 . 3 6 7 . 2. 1 7 9 8 1 2 . 3 4 6 5 5 0 . 1.93 
3 9 9 8 . 993. 5. 4 8 7 3 2 8 . 2 1 8 8 6 0 . .45 
4 1 4 4 3 . 1436. 7. 7 0 4 2 0 6 . 1 2 8 8 0 6 . .18 
5 1 6 0 0 . 1592. 8. 7 8 0 7 8 0 . 9 7 0 1 0 . .12 
2 0 1 
requirement. Thus i t s contr ibut ion to r e n t a l and deprec iat ion cost 
f i gures w i l l be accounted f o r . 
Port ions of operat ions and f i n a n c i a l r epor t s are contained in 
Appendix A. As was d e s i r e d , the operat ions p r o f i l e of step SMHFUNC shows 
no e x p l i c i t resource u t i l i z a t i o n . 
The Raw Mater ia l s P r o f i l e of mater ia l PAINT af fords an exce l l en t 
example of the raw mater ia l s ordering algorithm. The minimum order 
quant i ty of ten has a marked e f f e c t on the p a t t e r n of new o r d e r s . 
Information on the f i n a n c i a l a c t i v i t y of the venture i s made 
a v a i l a b l e f o r a n a l y s i s . Such a n a l y s i s i s not attempted here . I t i s , 
however, i n t e r e s t i n g to note the e f f e c t of the exhaustion of a l l tax 
l o s s c a r r y forward at the end of year k and the e f f e c t i t has on most 
indices of p r o f i t a b i l i t y in year 5 , even though the gross margin i s 
h igher . This i s an i l l u s t r a t i o n of the importance of having s e v e r a l 
meaures of performance a v a i l a b l e f o r a n a l y s i s . 
This case provided addi t iona l opportunity to examine the v a l i d i t y 
of model operat ion . The• internal consistency of MVPM was checked by 
manual v e r i f i c a t i o n of se lec ted model generated q u a n t i t i e s . 
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CHAPTER VIII 
CONCLUSION AND RECOMMENDATIONS 
8 . 1 Summary 
Development of the model set f o r t h in previous chapters began 
with a review of planning models. The goal in t h i s endeavor was to 
provide a general background r e p r e s e n t a t i v e of the s t a t e - o f - t h e - a r t , and 
to crea te a framework f o r d i rec ted research . To t h i s end, the examina­
t i o n of work by other authors was completed with an attempt to charac­
t e r i z e the d i f f e r e n t models v i a a m u l t i - a t t r i b u t e c l a s s i f i c a t i o n scheme. 
This y i e l d e d a l i s t of d e s i r a b l e q u a l i t i e s which were lacking in any one 
model. A subset of these was chosen as the design s p e c i f i c a t i o n s f o r 
the present model. Succeeding chapters have t raced the development of 
the model, ending with an appl i ca t ion to an actual venture planning 
s i t u a t i o n . 
8 . 2 Conclusions 
In reaching conclusions regarding the present work, one s t a r t s 
with an eva luat ion of the performance and c h a r a c t e r i s t i c s of the model 
v i s - a - v i s the o b j e c t i v e s set f o r t h at the beginning of the t h e s i s . 
These were the development of a computer-implemented model f o r use: 
A) In new venture planning and f e a s i b i l i t y a n a l y s i s . The 
app l i ca t ion of the model presented in Chapter VII was an i n ­
d icat ion of how w e l l the MVPM might f i t in to a r e a l - w o r l d 
planning s i t u a t i o n . I t was a case containing many items which 
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were not e x p l i c i t l y incorporated in the model. One cannot 
hope t o consider a l l of the permutations of organizat iona l and 
operat iona l arrangement t h a t make up the arena wherein business 
a c t i v i t y occurs . Thus, f o r a model to be usab le , i t must be 
f l e x i b l e enough to handle non-standard planning problems. The 
purpose fu l ly general charac ter i za t ions of a venture and i t s 
const i tuent p a r t s and a c t i v i t i e s , which are the fundamental 
elements of the MVPM, g ive i t t h i s f l e x i b i l i t y . 
B) A S a t o o l f o r educational a c t i v i t y and f u r t h e r research . 
Communication between the user and the model in a c l e a r and 
easy t o understand command environment i s of great p o t e n t i a l 
bene f i t when the model i s used in an educational s e t t i n g . 
Once the basic process of character iz ing a venture proposal-
has been mastered, use of the model should be qui te s t r a i g h t ­
forward. I t i s hoped t h a t i t w i l l prove to be use fu l in 
helping students t o understand the concepts and dynamics of 
new venture f e a s i b i l i t y a n a l y s i s . As w i l l be discussed in the 
next s e c t i o n , t h e r e are numerous avenues f o r extensions of the 
current model. A d d i t i o n a l l y , i t may be used in i t s present 
form f o r examination of research problem a r e a s . Thus, the 
MVPM should a l so be use fu l in academic research endeavors. 
The MVPM in i t s present form s a t i s f i e s the o b j e c t i v e s t h a t have guided 
t h i s research e f f o r t . A model has been developed t h a t , wi th in l i m i t a ­
t i o n s , i s both operable and possessed of reasonable scope and c a p a b i l i ­
t i e s . 
The present vers ion of MVPM has incorporated into i t many assump-
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t i o n s t h a t s e v e r e l y l i m i t i t s r e a l - w o r l d a p p l i c a b i l i t y . Despite t h i s , 
the scheme of process c h a r a c t e r i z a t i o n on which i t i s founded, should 
permit i t t o be use fu l in many planning s i t u a t i o n s . Planning a c t i v i t i e s 
are becoming more important to business s u r v i v a l , p a r t i c u l a r l y the small 
or new f irm [ 5 2 , 2 ^ ] . In a d d i t i o n , t h e r e i s an unfortunate tendency on 
the par t of small business managers not to plan in a formal and organized 
manner, and t o concentrate only on the short -run [ 2 5 ] . 
In view of t h i s s i t u a t i o n , a planning t o o l such as MVPM can serve 
as a much needed stimulus for the development of good planning p r a c t i c e 
on the p a r t of small business managers, or persons seeking to s t a r t a 
new v e n t u r e . The ease of model use and i t s c l a r i t y of design and metho­
dology combine with i t s standard-business-form output format to make 
MVPM an idea l t o o l f o r teaching and aiding in implementation of a 
q u a n t i t a t i v e planning approach. 
8.3 Recommendations 
8.3.1 Further Development 
There are many aspects of the r e a l - w o r l d venture planning environ­
ment which a planning model should r e f l e c t i f i t i s to be of maximum 
use fu lness . In i t s present v e r s i o n , MVPM i s lacking in some very 
d e s i r a b l e a t t r i b u t e s and c a p a b i l i t i e s . These form the set of most 
f r u i t f u l d i r e c t i o n s f o r f u r t h e r development of the model. The l i s t 
below i s composed of the most important of these . 
l ) Time varying sa l e s p r i c e . Var ia t ion of the p r i c e a t which 
goods are sold i s an important means of coping with the com­
p e t i t i v e environment f o r any bus iness . S i g n i f i c a n t changes in 
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t h e c o s t o f g o o d s s o l d m a y b y t h e m s e l v e s a l s o i n d i c a t e t h e 
n e e d f o r p r i c e c h a n g e s . E x t e n s i o n o f t h e m o d e l s h o u l d a l l o w 
f o r u s e r - e n t r y o f a p r i c e s c h e d u l e , o r , o p t i o n a l l y , i n t e r n a l 
m o d i f i c a t i o n o f p r i c e s i n r e s p o n s e t o m e a s u r e d c h a n g e s i n 
c o s t s . 
2 ) I n v e s t m e n t t a x c r e d i t . I n a r e a l - w o r l d p l a n n i n g s i t u a t i o n , 
i n v e s t m e n t t a x c r e d i t i s o f t e n a n e x t r e m e l y i m p o r t a n t c o n s i d ­
e r a t i o n i n t h e d e c i s i o n o n w h e t h e r o r n o t t o t a k e a d v a n t a g e 
o f a n i n v e s t m e n t o p p o r t u n i t y . T h u s i t s i n c l u s i o n i n t h e m o d e l 
w o u l d a d d g r e a t l y t o i t s u s e f u l n e s s i n t h i s a r e a . 
3 ) M o r e e x t e n s i v e t r e a t m e n t o f l o s t s a l e s . L o s t s a l e s o f t e n 
r e s u l t i n l o s s o f c l i e n t e l e a n d o t h e r s i g n i f i c a n t c o s t s a b o v e 
t h e c o s t o f r e v e n u e f o r e g o n e . M o r e i n f o r m a t i o n r e g a r d i n g l o s t 
s a l e s w o u l d h e l p t h e p l a n n e r - m a n a g e r t o e v a l u a t e a l l c o s t s 
r e l a t i v e t o h i s s i t u a t i o n . 
k ) T h e a s s u m p t i o n r e g a r d i n g t h e m a n n e r i n w h i c h d e b t i s r e p a i d i s 
l a c k i n g i n r e a l i s m . S o m e m e a n s s h o u l d b e p r o v i d e d f o r t h e u s e r 
t o a c c u r a t e l y r e p r e s e n t t h e c r e d i t c o n d i t i o n s i n w h i c h h e m u s t 
o p e r a t e . 
5 ) M o r e f l e x i b i l i t y i n s p e c i f i c a t i o n o f l a g t i m e b e t w e e n t r a n s ­
a c t i o n s a n d a c t u a l t r a n s f e r o f c a s h . T h e p r e s e n t p e r i o d o f 
3 0 d a y s i s r a t h e r s h o r t w h e n v i e w e d i n t e r m s o f a c t u a l p r a c ­
t i c e . 
6 ) I n c l u s i o n o f s h i f t d i f f e r e n t i a l s a s p a r t o f p e r s o n n e l r e s o u r c e 
d a t a . 
T ) G e n e r a t i o n o f e x c e p t i o n r e p o r t i n g a n d r e p o r t s d e a l i n g w i t h % 
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per iod- to -per iod changes. 
8) Exp l i c i t treatment of par t - t ime employment. 
9) Payment of dividends and prov i s ion f o r mul t i -per iod increases 
in p a i d - i n - c a p i t a l . 
10) User:Override of model decis ions in the fol lowing a r e a s : 
i ) S p e c i f i c a t i o n of the number of s h i f t s per day f o r a 
given process s tep in a given month, 
i i ) The timing of c a p i t a l expansion. 
11) A l t e r n a t i v e p o l i c i e s f o r : 
i ) Cash management. I n t e r e s t i n g p o l i c i e s to explore would 
be those of Spradl in and Konstans [58], and Stone [60]. 
i i ) Depreciat ion. Double decl ining balance , SOYD, and s ink­
ing fund methods should be programmed into the model as 
user opt ions . 
i i i ) External Funding, e . g . , use of n o t e s , bonds and, gener­
a l l y , f i n a n c i a l instruments of vary ing c o s t s , 
i v ) S t a f f i n g of operat ions . Options might include v a r i a b l e 
s h i f t s izes and composition. 
12) Genera l l y , r e l a x a t i o n of many of the assumptions which were 
s ta ted in Chapter IV. The most important of these would be: 
i ) Allowing back order ing , 
i i ) Use of purchased f a c i l i t i e s , 
i i i ) Consideration of the e f f e c t s of i n f l a t i o n in the na t iona l 
economy, and cost e sca la t ion in s p e c i f i c inputs to p r o ­
duction ( including labor s e r v i c e s ) , 
i v ) More f l e x i b l e treatment of asset re t i rement . 
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v) Inclusion of more d e t a i l regarding venture s t a r t u p a c t i ­
v i t i e s . 
1 3 ) Genera l l y , g r e a t e r scope and f l e x i b i l i t y in model input and 
output. 
lU) Local suboptimization in se lec ted model segments. 
8 . 3 . 2 Documentation 
As re ference t o the program l i s t i n g in Appendix C w i l l show, the 
MVPM program uni t s are we l l i n t e r n a l l y documented. External documenta­
t i o n , however, i s l imi t ed to the information contained in the t h e s i s . 
For the model to be applied f o r any purpose by unsophist icated u s e r s , 
more u s e r - o r i e n t e d descr ip t ion of model functioning and I/O must be made 
a v a i l a b l e . 
8 . 3 . 3 Implementation and Extension 
As shown in Sect ion 8 . 3 . 1 , although (or because) the MVPM i s sound 
and usable as i t e x i s t s at p r e s e n t , t h e r e are many points of departure 
f o r extension of breadth and soph i s t i ca t ion of methodology. Experience 
described by s e v e r a l of the authors c i t e d in Chapter I I has demonstrated 
how t h i s process of model enhancement i s a ided, i f not motivated, by 
s i g n i f i c a n t l e v e l s of model usage. In the context of the model d e s c r i b ­
ed h e r e , t h i s might best be accomplished through the auspices of an 
agency such as the Small Business Adminis trat ion , the National Chamber 
of Commerce, the American Banking Assoc ia t ion , or the Financia l Execu­
t i v e s I n s t i t u t e (among many o t h e r s ) . Given the kind of support needed 
to develop comprehensive documentation, and to bring the model in 
program form up to "production" code s tandards , the MVPM could be made 
a v a i l a b l e on a wide sca le f o r educational and business planning use . 
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APPENDIX A 
STAPLER VENTURE: OPERATIONS AND FINANCIAL REPORTS 
M A N U F A C T U R I N G V E N T U R E P L A N N I N G M O D E L V E R S I O N 1 . 0 
S T A P L E R M A N U F A C T U R E R - R U N O F B A S E C A S E S C E N A R I O 
O ID 
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O P E R A T I O N S P R O F I L E . PROCESS STtP- ASSAR 
OT HRS ACTLAL SURPLUS C A P A C I T Y ! 
PC HOURS HCURS HOURS SHIFTS F^P M A N , OUTPUT FRACTION 
MONTH USED SCHEDULED UTILIZEO OOWN FER DAY PER SHIFT (UNITS) UNITS OF OUTPUT 
1 ASSEQ .6 .6 0.00 u 0. 0 3 2 4 . 0 9 5 3 6 9 . 294.35 
2 ASSEQ 1.2 1. 2 0 .00 1. b. 0 6 4 8 . 0 95 0 4 5 . 146.67 
3 ASSEQ 4.8 4. 6 0.00 1. G. 0 2b52.0 93041 . 35.08 
4 A3SEQ 4.8 4.6 0.00 1. 0.0 
2652. i 
9 3 0 4 1 . 35.08 
5 ASSEQ 4.8 4.8 0.00 1, 0.0 2652.0 9 3 0 4 1 . 35.08 
6 ASSEQ 4.8 4. 8 0.00 1. 0. 0 2652.0 9 3 0 4 1 . 35.06 
7 ASSEQ 4.8 4. 8 0.00 1. c.o 2652.0 9 3 0 4 1 . 35.08 
a ASSEQ 4.8 4. e 0.00 1. 0.0 2652.0 9 3 0 4 1 . 35.08 
9 ASSEQ 4.8 4.8 0.00 1. C O 2652.0 9 3 0 4 1 . 35.06 
10 ASSEQ 4.8 4. e 0.00 1. 3.0 2652.0 9 3 0 4 1 . 35.06 
ii ASSEQ 4.8 4. 8 0. 00 1. 0. G 2652.0 9 3 0 4 1 . 3 5 . 08 
12 ASSEQ 4.8 4. 8 0.00 1. G. 0 2652.0 9 3 0 4 1 . 35.06 
13 ASSEQ 15.4 15.4 o.co 1. 0.0 8536.C 1 7 1 5 7 . 10.21 
14 ASSEQ 15.4 15.4 0.00 1. C. 0 8536.0 8 7 1 5 7 . 10.21 
15 ASSEQ 15.4 15. 4 0.00 1. 0. 0 8536.0 8 7 1 5 7 . 10.21 
16 ASSEQ 15.4 15.4 0.00 1. G. 0 8536.0 8 7 1 5 7 . 10.21 
17 ASSEQ 15.4 15.4 o.co 1. 0.0 8536.0 8 7 1 5 7 . 13.21 
Id ASSEQ 15.4 15. 4 0.00 1. 0.0 8536.0 8 7 1 5 7 . 10.21 
1 j ASSEQ 15.4 15.4 0. 00 1. 0. 0 8536.0 8 7 1 5 7 . 10.21 
20 ASSEQ 15.4 15. 4 o.co 1. G.O 8536.0 8 7 1 5 7 . 10.21 
21 ASSEQ 1 5.4 15.4 0.00 1. 0. 0 8536.G 3 7 1 5 7 . 10.21 
22 ASSEQ 15.4 15.4 0.00 1. 0. 0 8526.0 8 7 1 5 7 . 10.21 
23 ASSEQ 15.4 15.4 o.co 1. o. a 8536.0 8 7 1 5 7 . 10.21 
24 ASSEQ 1 5.5 15.5 0.00 1. 0.0 8552.0 8 7 1 4 1 . 10.19 
25 ASSEQ 41.9 41.9 0.00 1. 0. 0 23136.0 7 2 5 5 7 . 3.14 
26 ASSEQ 41 .9 41.9 0.00 1. G.O 23136.0 7 2 5 5 7 . 3. 14 
27 ASSEQ 41.9 4 1 . 9 0. 00 1. 0.0 23136.0 7 2 5 5 7 . 3.14 
28 ASSEQ 41.9 4 1 . 5 0 . 00 1. 0.0 23136.0 72557. 3. 14 
29 ASSEQ 41.9 41.9 0. GO 1. 0.0 23136.0 7 2 5 5 7 . 3.14 
30 ASSEQ 41.9 41.9 0.00 1. 0.0 23136.0 7 2 5 5 7 . 3.14 
31 ASSEQ 41.9 4 1 . 9 0.00 1. 0. 0 23136.0 7 2 5 5 7 . 3. 14 
32 ASSEQ 41.9 4 1 . 9 0.00 1. 0.0 23136.0 7 2 5 5 7 , 3.14 
33 ASSEQ 41.9 4 1 . 9 0.00 1. 0.0 23136.0 7 2 5 5 7 . 3.14 
34 ASSEQ 41.9 41.9 o.co 1. G.O 23136.0 7 2 5 5 7 , 3.14 
35 ASSEQ 41.9 41.9 0.00 1. 0.0 23136.0 72557. 3. 14 
3b ASSEQ 41.9 4 1 . 9 0.00 1. 0. 0 23168.0 7 2 5 2 5 . 3.13 
37 ASSEQ 60.5 6 0 . 5 0 .00 1. 0. 0 33436.0 6 2 2 5 7 . 1.66 
38 ASSEQ 60.5 6 0 . 5 0.00 1. 0.0 33436.0 6 2 2 5 7 . 1.86 
39 ASSEQ 6 0.5 6 0 . 5 0.00 1. 0. 0 33436.0 6 2 2 5 7 . 1.66 
40 ASSEQ 60.5 60.5 0.00 1. 0. 0 33436.0 6 2 2 5 7 . 1. 86 
41 ASSEQ 60.5 6 0 . 5 0.00 1. 0.0 33436.0 6 2 2 5 7 . 1.86 
42 ASSEQ 60.5 60.5 0.00 1. 0.0 33436.0 6 2 2 5 7 . 1. 86 
43 ASSEQ 60 .5 60.5 0.00 1. 0. 0 33436.0 6 2 2 5 7 . 1.66 
44 ASSEQ 60.5 6 0 . 5 0.00 1. 0. 0 33436.0 6 2 2 5 7 . 1.36 
45 ASSEQ 60.5 60. 5 0. GO 1. u. 0 33436. 0 6 2 2 5 7 . 1.86 
4b ASSEQ 60.5 6 0 . 5 0.00 1. 0. 3 33436.G 6 2 2 5 7 . 1.86 
47 ASSEQ 60 .5 60 . 5 0.00 1. G. 0 33436.0 6 2 2 5 7 , 1. 86 
48 ASSEQ 60.5 60.5 0.00 1. 0. 0 33436.0 6 2 2 5 7 . 1.36 
49 ASSEQ 67.1 6 7 . 1 0.00 1. 0. 0 3 7-0 72. 0 58621. 1.56 
50 ASSEQ 67.1 6 7 . 1 o.co 1. 0.0 37072.0 5 8 6 2 1 . 1.56 
51 ASSEQ 67.1 67.1 0.00 1. o. 0 37072.0 53621 . 1.56 
52 ASSEQ 67.1 6 7 . 1 0.00 1. 0. 0 37072.0 5 8 6 2 1 . 1.53 
53 ASSEQ 67.1 6 7 . 1 0.00 1. G. 0 37072.0 53621. 1. 58 
54 ASSEQ o7.1 67.1 U. GO 1. G.O 37072.0 5 8 6 2 1 . 1.56 
55 ASSEQ 67.1 67.1 o.co 1. U. 0 37072.0 58621 . 1.56 
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O P E R A T I O N S P R O F I L E t P R O C E S S S T E P - S f H F U ' N C 
O T H R S A C T U A L S U R P L U S C A P A C I T Y t 
P C H C U R S H O U R S H O U R S S H I F T S P E R M A N , O U T P U T F R A C T I O N 
M O N T H L S E O S C H E O U L E U U T I L I Z E D D O W N P E R C A Y P E R S H I F T ( U N I T S » U N I T S O F O U T P U T 
1 S M H E Q 0 . 0 0 . j 0 . 0 0 !. 0 . 0 J . O C 0 0 
2 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 u . 0 •»»•#• * O . J O 3 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . o c 
4 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 o . a o 
5 S M H E Q 0 . 0 o . u 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
6 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
7 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 3 0 . 0 » • • • • # • 0 . 0 0 
S S M H E Q 0 . 0 0 . 0 0 . D 0 1 . 0 . 0 0 . 0 • • • • » » • 0 . 0 0 
9 S M H E Q 0 . 0 O . u 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
1 0 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
1 1 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
1 2 S M H E Q 0 . 0 0 . 0 3 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
1 3 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
1 4 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
1 5 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 o . a o 
1 6 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
1 7 S M H E Q 0 . 0 0 . 0 a . o o 1 . 0 . 0 0 . 0 0 . 0 0 
1 0 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 C O # • » # * » # 0 . 0 0 
1 9 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 , 0 . 0 0 . 0 0 . 0 0 
2 0 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 u . o o 
2 1 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
2 2 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 c o o 
2 3 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 C O 0 . 0 0 
2 4 S M H E Q 0 . Q 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
2 5 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
2 6 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 »*»•»•# 0 . 0 0 
2 7 S M H E Q 0 . 0 0 . 0 0 . G 0 1 . 0 . 0 0 . 0 0 . 0 0 
2 d S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
2 9 S M H E Q 0 . 0 a . o 0 . 0 0 1 , C O 0 . 0 0 . 0 0 
3 0 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 C O 0 . 3 0 
3 1 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 , 0 . 0 C O 0 . 0 0 
3 2 S M H E Q 0 . 0 0 . 0 o . c o 1 . 0 . 0 0 . 0 0 . 0 0 
3 3 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 O . u 0 . 0 0 
3 4 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 u . o 0 . 0 0 
3 5 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 , 0 . 0 0 . 0 0 . 0 0 
3 6 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
3 7 S M H E Q 0 . 0 0 . u 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
3 8 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 C O 0 . 0 0 
3 9 S M H E Q 0 . 0 0 . 0 o . c o 1 . 0 . 0 0 . 0 0 . 0 0 
4 0 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
4 1 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
4 2 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 * • * 0 . 0 0 
4 3 S M H E Q 0 . 0 0 . 0 o . c o 1 , 0 . 0 0 . 0 0 . 0 0 
4 4 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
4 5 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 , 0 . 0 0 . 0 u . 0 0 
4 6 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 • « « * * * » 0 . 0 0 
4 7 S M H E Q 0 . 0 0 . 0 o . c o 1 . 0 . 0 0 . 0 0 . 0 0 
4 8 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 « « • * « * « 0 . 0 0 
4 9 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . U . 0 0 . 0 0 . 0 0 
5 0 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . C O 0 . 0 «.»*.«» 0 . 0 0 5 1 S M H E Q O . u 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 
5 2 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . U . J u . o • » » » » • » 0 . 0 0 
5 3 S M H E Q 0 . 0 0 . 0 o . c o i . 0 . 0 0 . 0 0 . 0 0 
5 4 S M H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 C O * • » • • • • 0 . 0 0 
5 5 S H H E Q 0 . 0 0 . 0 0 . 0 0 1 . 0 . 0 0 . 0 0 . 0 0 









BEG OF MONTH 
DEMAND 






END OF 1 
1 80. 1. 61 . 0 . 80 . 8 0 . Q« 0. 
2 160, 2. 162. 0 . 160 . 1 6 0 . 0. 3. 
3 656. 7. 663 . 0 . 2 40 . 2 4 0 . 0. 4 1 6 . 
4 656. 7. 6 6 3 . 4 1 6 . 4 3 0 . 4 0 0 . 0. 6 7 2 . 
5 656. 7. 6 6 3 . 672 . 560 , 5 6 0 . 0. 7 6 e . 
6 656. 7. 663 . 763 . 400 . 40 0. 0. 1 0 2 4 . 
7 656. 7. 663 . 1 0 2 4 . 320 . 32 0 . 0. 1 3 6 0 . 
a 6i6. 7. 663 . 1360 , 560 , 56 0 . 0. 1456. 
9 65 6 . 7. 6 6 3 . 1456. 800 . 80 0. 0. 1312. 
10 6^6. 7. 663 . 1 3 1 2 . 9 6 0 . 9 6 0 . 0. 1008. 
n 656. 7. 6 6 3 . 1008 . 1120 . 1 1 2 0 . 0. 544. 
12 656. 7, 663 . 544 . 1200 . 120 0. 0. 0. 
13 2113. 2 1 . 2 1 3 4 . 0 . 1440 . 1 4 4 0 . 0. 673. 
It 2113. 21. 2 1 3 4 , 673 . 1600. 1 6 0 0 . 0. 1186. 
15 2113. 21. 2134 , 113E. , 17&0. 1 760. 0. 1539. 
16 2113. 21. 2 1 3 4 , 1 5 3 9 . 2000 . 2 000 . 0. 1 6 5 2 . 
17 2 1 1 3 . 2 1 . 2134 . 1652 . 2240 . 2 2 4 0 . 0. 1525. 
18 2113. 21. 2 1 3 4 . 1525 . 1840 . 1840 . 0. 1798. 
19 2113. 21. 2 1 3 4 . 1796 . 1600 . 1 6 0 0 . 0. 2 3 1 1 . 
20 2113. 21. 2 1 3 4 . 2311 . 2000 . 230 3 . 0. 24 2 4 . 
21 2113. 2 1 . 2134 . 2 4 2 4 . 2240 . 2 2 4 0 . 0. 2 2 9 7 . 
22 2113. 21. 2 1 3 4 . 2 2 9 7 . 25 60 . 2 5 6 0 . 0. 18?Q, 
23 2113. 21. 2 1 3 4 . 1850 . 2680 . 2 8 8 0 . 0. 10 83. 
2t 2117. 2 1 . 2138 . 1 0 8 3 . 3200 . 320 3. 0. 0. 
25 5726. 5 8 . 5 7 84 . 0 . 3600 . 360 0 . 0. 2126. 
26 5726. 5 8 , 5784 . 2126 . 40 30 . 4 0 0 0 . 0. 3 8 5 2 . 
27 5726. 58 . 5 7 8 4 . 3 8 5 2 , 4 8 8 0 . 4 8 3 0 . 0. 4 6 9 8 . 
28 5726. 5 8 . 5 7 84 . 4698 . 5443 . 5440 . 0. 4 9 8 4 . 
29 5726. 5 8 . 5 7 84 . 4984 . 6000 . 600 0. 0. 4 7 1 0 . 
30 5726. 5 8 . 5784 . 4710 . 5263 . 5 2 6 0 . 0. 5176. 
31 5726. 5 8 . 5 7 8 4 . 5 1 7 6 . 4 4 8 0 . 4 4 8 0 . 0. 6 4 2 2 . 
32 5726. 58. 5784 . 6422 . 6000 . 6 0 0 0 . 0. 61 4 8 . 
33 5726. 58 . 5784 . 6148 . 6560 . 6 5 6 0 . 0. 5 3 1 4 . 
34 5726. 5 8 . 5784 . 5314 . 7040 . 7 0 4 0 . 0. 4 0 0 0 . 
35 5726. 5 8 . 5 7 84 . 4000 . 75 20 . 7 5 2 0 . 0. 2206. 
36 5734. 58. 5 7 9 2 . 2 2 0 6 . 80 30 . 7 9 4 0 . 60. 0. 
37 8275. 8 4 . 8 3 5 9 . 0 . 8300 . 8 2 7 5 . 2 5 . 0. 
38 8275. 84. 8 3 5 9 . 0 . 8374 . 8275 , 99. 0. 
39 d275. 84. 6 3 5 9 . 0. 84 4 8 . 8275. 173. 0. 
40 8275. 8 4 . 8 3 5 9 . 0 . 6522. 6 2 7 5 , 247. 0. 
41 8275. 84. 6 3 5 9 . 0 . 85 9 6 . 8 2 7 5 . 321. 0. 
4 2 8275. 6 4 . 6 3 5 9 . 0. 86 7 0 . 8 2 7 5 . 3 9 5 . 0. 
43 8275. 84. 6 3 5 9 . 0 . 8 7 4 3 . 8 2 7 5 . 4 6 8 . 0. 
44 8275. 84. 8359 . 0 . 8817. 8 2 7 5 . 542. 0. 
45 8275. 84. 6 3 5 9 . 0. 88 91 . 8 2 7 5 . 6 1 6 . 0. 
46 8275. 8 4 . 8 3 5 9 . 0 . 8 9 6 5 . 8 2 7 5 . 6 9 0 . 0. 
4 7 8275. 8 4 . 6359* 0 . 9 0 3 9 . 8 2 7 5 . 764. 0. 
48 8275. 84. 8 3 5 9 . 0. 9 1 1 3 . 8 2 7 5 . 8 3 8 . 0. 
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RAW MATERIALS P*OFlLt« RAH M A T E R I A L - PAINT ••ACRYLIC E N A M E L , SLVNT. 3 A S E , FAST DRY. 
AMOUNT INVENTORY > AMOUNT iNVFNTOFYt AMOUNT 
MONTH REQUIRED CEG OF MONTH RECEIVED ENO OF MONTH NEW OKCERS 
'STARTUP PERIOJ** 10.00 
1 . 32 0.00 10. 00 9.68 0.00 
2 .6J 9.68 0. 00 9.C3 0.30 
3 2.6-3 9.03 0. 00 6.36 0.00 
4 2.65 6.36 0. 0 0 3.72 0.00 
5 2. 65 3.72 10. 00 11.07 10.00 
6 2.6i 11.07 0. 00 8.42 0 .00 
7 2.65 8.42 0. 00 5.77 0.00 8 2.65 5.77 0. 00 3.12 0.00 
9 2.65 3.12 10. 00 1 0 . 46 10.00 
10 2.65 10.46 0. 00 7.81 0 .00 
11 2.65 7.81 0. 0 0 5.16 0 .00 
12 2.65 5.16 0. 00 2.51 0.00 
13 8.5* 2.51 14.56 8.5* 14.56 
14 8.5 , 8.5* 0. 0 0 0.00 0.00 
15 8.5* 0.00 17. 07 8 . 5 * 17.07 
16 8.5* 8.5* 0.00 0 .00 0.00 
17 8.5* 0.00 17. 07 8.5* 17.07 
16 6.5* 8.5* 0. 00 O.CO 0.00 
19 8.5* 0.00 17. 0 7 8.5* 17.07 
20 8.5* 8.5* 0.00 0.00 0.0 0 
21 8.5-, 0.00 17. 07 8 .54 17.07 
22 8.5* 8.5* 0. 00 0.00 0.00 
23 8.5* 0.00 17. 09 8.55 17.09 
24 8.55 8.55 0. 00 0.00 0.00 
25 2 3 . 1 * 0.00 23.14 o . u o 2 3 . 1 * 
26 2 3 . 1 * 0.00 23. 1* 0.00 2 3 . 1 * 
2 7 2 3 . 1 * 0.00 23. 1* 0.00 2 3 . 1 * 
28 23.1-, 0.00 23. 1* 0.00 2 3 . 1 * 
29 2 3 . 1 * 0.00 2 3 . 1 * o . c o 2 3 . 1 * 
30 2 3 . 1 * 0. 00 23. 1* O.Ou 2 3 . 1 * 
31 2 3 . 1 * 0.00 2 3 . 1 * o . c o 2 3 . 1 * 
32 23.14 0.00 2 3. 14 o . c o 2 3 . 1 * 
33 2 3 . 1 * 0.00 2 3 . 1 * 0.00 2 3 . 1 4 
34 2 3 . 1 * 0.00 23. 1* 0.00 23.14 
35 2 3 . 1 * 0.00 23. 1* 0.00 2 3 . 1 4 
36 23.17 0.00 23. 17 0 .CO 23.17 
37 3 3 . 4* 0.00 3 3 . * * o . c o 33.44 
38 3 3 . 4 * 0.00 3 3 . * * o . c o 33.44 
39 3 3 . 4 - o . c o 33. 44 o . c o 33.44 
HU 3 3 . 4 * 0. c u 33. 44 a . o o 33.44 
Hi 3 3 . 44 0.00 33. 44 o . o u 33.44 
42 3 3 . * * 0.00 3 3 . * * O.OC 33.44 
43 3 3 . * * 0.00 33. 44 0 . o c 33.44 
44 3 3 . 4 ^ 0.00 33.44 o . o u 33.44 
45 3 3. * i 0.00 3 3 . * * O.Ou 33.*4 
46 3 3 . * * 0.00 32.44 0.00 33.44 
47 3 3 . 4 * 0.00 33.44 0 . o c 33.44 
48 3 3 . 44 0.00 33. 4 4 0.00 33.44 
49 3 7 . 07 0.00 37. 07 o . c o 37.07 
50 37.0" 0.00 37.07 o . c o 37.07 
51 37.07 0.00 37.07 0 . o c 37.07 
52 37.07 0 .CO 37. 07 o . c o 37.07 
53 
3 7. 0 7 0.00 37. 07 0. o c 37.07 54 7 u7 0.00 37.07 0 . LO 37 .07 
55 37.07 o . c o 37. 07 0 . o c 37.07 
RAW MATERIALS PROFILE» RAW MATERIAL-CONT/HT ••CONTRACTOR SERVICES - HEAT TREATING. 
AMOUNT I N V E N T O R Y ! AMOINT I N V E N T O R Y ! AMOUNT 
MONTH REQUIRid BCG OF MONTH RECEIVED END OF MONTH NEW O R C r R S 
• • S T A R T U P P E R I O D 
1 d l . 03 0.00 
2 162 . 00 0.00 
3 663.00 0.00 
4 66 3.0j 0.00 
5 6 6 3 . 0 : 0.0G 
6 6 b 3 . 0 C 0.00 
7 6o3. 03 0.30 
8 663.0 3 0.00 
9 663.0 J 0.00 
10 663.0J 0.00 
11 663.0 J 0.00 
12 663.0 3 0.00 
13 2134.0J 0.00 
14 2134.Ou 0.00 
15 2134.00 0.00 
16 2134.Ou 0.00 
17 2134.0Q 0.00 
i a 2134 . 0 0 0.00 
19 2134.00 0.00 
20 2134.03 0.00 
21 2134.03 0.00 
22 2134.33 0.0G 
23 2134.00 0.00 
24 2136.Oi 0.00 
25 5784.0J 0 .00 
2c 5784.03 0.00 
27 5784.03 0.00 
28 5784.00 0 .00 
29 5784.Ou o . o o 
30 5784.0J 0.00 
31 5784.0J 0.00 
32 5784.0J 0. CO 
33 5784.0 3 0.00 
34 5784.03 0 .00 
35 5734.03 0.00 
36 5792.03 0.00 
37 8359. 03 0.00 
36 8359.0 3 0.00 
39 835 9.OC 0.00 
40 8359.OH 0.00 
41 8359.03 0.00 
42 3 3 5 9 . 0 j 0.00 
43 8359.0 3 O.Ou 
44 8359.01 0.00 
45 8359.OJ 0.00 
46 8339. 03 0.00 
47 6359.03 0.00 
46 8359.03 0.00 
49 9268.03 0.00 
50 92o8.00 0.00 
51 92o8 . 0 0 0.00 
52 9268 . 00 0.30 
53 ' 9268.00 0.00 
54 9266.03 0.00 
55 92o 8.0 J o . c o 
0.00 
81. 00 O.CO 81 .00 
162.0 3 O.OU 162.0 0 
663. 00 0 .00 663.00 
663. 00 0 .Go 663 .00 
663.00 0.G3 663.00 
663. 00 0. Co 663.00 
663.00 0.03 663.00 
663. OQ O.GG 663.00 
663.00 0.G0 663.00 
663 . 00 0 .GO 663.00 
663. 00 O.Ou 663.00 
663. 00 0.G0 663.0 0 
2134 . 00 0 .OG 2134.00 
2134.00 0 .GO 2134.00 
2134. 00 0.G0 2134.0 0 
2134. 00 O.GO 2134.00 
2134.00 0 .Gu 2134.00 
2134.00 0.00 2134.00 
2134.00 0.00 2134.00 
2134.00 0.00 2134.00 
2134.00 0.0G 2134.00 
2134.00 O.GO 2134.00 
2134.00 O.GO 2134.0 0 
2136.00 O.GO 2138.0 0 
5784.00 0 .OG 5764.00 
5784.00 O.OG 57 84.00 
5 7 6 4 . 00 0 .00 5784.00 
5784.00 0 .Go 5784.00 
5 7 8 4 . 00 O.GO 5784.00 
5784.00 O.GO 5784.GO 
5784.00 0 .00 5784.00 
5764.00 0.00 5764.00 
5784.00 O.GG 5784.00 
5784.00 0.00 5784.00 
5 7 84.00 O.GO 5784 .00 
579 2 . 00 O.GO 5792.00 
8359.00 O.OG 63 59.0 0 
8359.00 O.GG 6359.00 
8359. 00 O.Cu 8359.00 
8359.00 0 .00 8359.00 
8359. 0 0 O.Ou 83 59.3 0 
8359.00 O.GO 8359.00 
8359.00 O.Cu 8359.00 
8359.00 O.GG 8359.00 
8359. 00 O.GG 8359.00 
6359.00 O.OG 8359.00 
8359.00 O.GO 8359.00 
6359.00 O.OU 8359.00 
9263. 00 O.GG 9268.GO 
9 2 6 8 . 00 O.OG 9268.00 
9266.00 O.GO 9268.30 
9268 . 0 0 O.GG 9266.oO 
9268.00 O.Gu 9268.00 
92 6 8 . 00 O.GG 92 68.0 0 
9266.00 O.CO 9266.00 
••**••*• 1ANUFACTURING VENTURE PLANNING MODEL VERSION 1.0 GtORGIA INSTITUTE OF T E C H N O L O G Y , JULY 1978 
BASE C A S E , FINANCIAL SECTION 
Ln 
216 
NET INCOME STATEMENT FOR YEAR 3 
NET SALES 
C O S T OF GOOOS SOLDI 
FINISHED GOODS INVENTORY (BOPI 
COST OF GOODS PRCOUCEDJ 
COST OF RAH MATERIALS USED I 
RM INVENTORY (BOPI 
RM RECEIVED 
RM INVENTORY (EOPI 
PLANT WAGES AN0 S A L A R I E S 
PLANT LABOR HIRE/FIRE C O S T S 
PLANT -IQIPMENT DEPRECIATION 
PLAN T RENTAL EXPENSE 
PLANT OVERHEAO 
PLANT ENERGY/UTILITY CCSTS 
PAYROLL TAXES & FRINGE BENEFITS 
INVENTORY TAX 
EQUIPMENT TAX 
FINISHED G O O D S INVENTORY (EOP) 
G R O S S INCOME 
IS 10 0) 
0. 
2 4 6 7 . 
0. 
2 4 6 7 . 
3 4 7 . 
0. 
2 4 . 
3 8 . 
4 4 . 
1 1 . 
9 0 . 
0. 




4 5 7 0 . 
3046. 
1524. 
SALES AND ADMINISTRATIVE EXPENSE* 
SALES AND MARKETING E X F E N S E 
ADMINISTRATIVE S A L A R I E S 
OFFICE EQUIPMENT DEPRECIATION 
OTHER ADMINISTRATIVE E X P E N S E S 
£ 5 4 . 
2 7 2 . 
1. 
10 1. 9 2 7 . 
NET OPERATING INCOME 5 9 6 . 
INTEREST E X P E N S E 168. 
NET INCOME BEFORE INCOME TAXES 42 8. 
INCOME TAX EXPENSE 
NET INCOME AFTER INCOME TAXES 4 2 8 . 
OPERATING LOSSl 
CUMULATIVE 8 3 9 . 
2 1 7 
NET INCOME STATEMENT FCR YEAR 4 
NET SALES 
COST OF GOODS SOLD T 
FINISHED GOODS INVENTORY (BOP) 
COST OF GOODS PRODUCEDL 
COS T OF RAW MATERIALS USEOJ 
RM INVENTORY (BOP) 
RR* RECEIVED 
RM INVENTORY (EOP) 
PLANT WAGES AND SALARIES 
PL. ANT LABOR HI RE/ FIRE COSTS 
PLANT EQIPMENT DEPRECIATION 
PLANT RENTAL EXPENSE 
PLANT OVERHEAD 
PLANT INERGY/UTILITY COSTS 
PAYROLL TAXES I FRINGE BENEFITS 
INVENTORY TAX 
EQUIPMENT TAX 























SALES AND ADMINISTRATIVE EXPENSE I 
SALES AND MARKETING EXFENSE 
ADMINISTRATIVE SALARIES 
OFFICE EQUIPMENT DEPRECIATION 









NET INCOME BEFORE INCOME TAXES 10*3. 
INCOME TAX EXPENSE 
NET INCOrtE AFTER INCOME TAXES 
56. 
998. 
OPERATING LOSS i 
CUMULATIVE 0. 
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NET INCOME STATEMENT FCR YEAR 5 
NET SALES 
C O S T OF G O J O S SOLDI 
FINISHEO GOOtS INVENTORY CBOFI 
COST OF GOOOS PRODUCED! 
COST OF RAW MATERIALS USED I 
RM INVENTORY <BOP> 
RM RECEIVED 
RM INVENTORY <EOP) 
PLANT WAGES AND S A L A R I E S 
PLANT LAOOR HI RE/FIRE C O S T S 
PLANT EQIPMcNT DEPRECIATION 
PLANT CENTAL EXPENSE 
PLANT OVERHEAD 
PLANT ENERGY/UTILITY COSTS 
PAYROLL TAXES & FRINGE BENEFITS 
INVENTORY TAX 
EQUIPMENT TAX 
FINISHED G O O C S INVENTORY (EOF) 






3 9 4 7 , 
34 7. 
0. 
2 4 . 
3 8 . 
7 1 . 
1 7 . 
9 0 . 
0. 
2 5. 
4 5 5 9 . 
0. 
(SIC 0) 
7 3 2 2 . 
4 5 5 9 . 
2 7 6 2 . 
SALES AND A D M I N I S T R A T I V E E X P E N S E ! 
SALES AND MARKETING EXPENSE 1023. 
A D M I N I S T R A T I V E S A L A R I E S 330, 
CFFICE EQUIPMENT DEPRECIATION 2. 
CTHER ADMINISTRATIVE E X P E N S E S 1C4. 1459, 
NET OPERATING INCOME 
I N T E R E S T E X P E N S E 
130 3. 
1 2 . 
NET INCOME BEFORE INCOME TAXES 1291. 
I NCOME TAX EXPENSE 6 2 0 . 
NET INCOME AFTER INCOME T A X E S 6 7 2 , 
OPERATING LOSS I 
CUMULATIVE 0. 
FINANCIAL RATIO ANALYSIS l YEAR <• 
MEASURES OF LIQUIDITY 
FINISHED G O O O S INVENTORY 1 RAW MATERIALS INVENTORY t 
CURRENT RATIO QUICK RATIO TURNOVER AVG. D A Y S IN TURNOVER AVG. DAYS IN 
2.37 2.37 .00 .00 
LONG TERM FINANCIAL STRENGTH 
OEBT TO EQUITY TIMES-INTEREST-
RAT IO EARNED 





GROSS PROFIT NET PROFIT RETURN ON RETURN ON 
MARGIN MARGIN OWNER EQUITY TOTAL ASSETS 




NOT E l ASTERISKS (••••••| INCICATE THAT INDEX IS VERY LARGE OR CANNCT BE COMPUTED WITH CURRFNT YEAR* S DATA. 
FINANCIAL RATIO AN AL YSIS I YEAR 5 
MEASURES OF LIQUIDITY 
FINISHED GOODS INVENTORY I RAW MATERIALS INVENTORYI 
CURRENT RATXO QUICK RATIO TURNOVER AVG. DAYS IN TURNOVER AVG. DAYS IN 
2.57 2.57 •••••» .00 ••••»• .00 
LONG TERM FINANCIAL STRENGTH 






PROF IT ABILITY 
GROSS PROFIT NET PRCFIT RETURN ON RETURN ON 
MARGIN MARGIN OWNER EQUITY TOTAL ASSETS 
.38 .09 .72 .47 
O 
NOTE T ASTERISKS ,••»»*») INDICATE THAT INDEX IS VERY LARGE OR CANNOT BE COMPUTED WITH CURRENT YEAR'S DATA. 
MONTHLY NET CASH F L O * 
>RANGEI -64000.00 TO 1 1 1 9 0 . 0 0 . 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
1 -64000.00 
2 - * -2291.10 3 - » 5 9 7 . 0 1 4 - » 816.34 5 - • 727.96 6 - 619.83 7 - * 743.03 8 - * 797.56 9 - » 668.38 10 - 5 7 6 . 9 3 11 - 441.65 12 - * 342.54 13 - » 394.40 14 • * 756.30 15 - * 900.59 16 - 714.53 17 - » 4 2 8 . 1 7 IS • * 249.05 19 - » 502.98 20 - • 698.41 21 - » 4 2 1 . 9 4 22 - » 349.48 23 - * 94.10 24 - • .00 25 - * - 7 6 . 2 9 26 - » 66<-.61 27 - » 9 3 5 . 8 4 28 - • 240.73 
29 - * .00 30 - » -211.75 31 - » -67C.59 32 - * 172.32 33 - » .00 34 - » -534.56 35 - * - 8 7 5 . 2 4 36 - » - 1 2 3 5 . 2 3 37 - • '-1560.24 38 - » - 1 7 6 9 . 8 7 39 - -* -1133.70 40 - » 6467.36 4l - * -42.96 42 • * -945.66 43 - • 5 7 8 4 . 0 2 44 - » -192.79 45 - » -386.79 46 - * 5 7 6 2 . 5 4 47 - - 1 7 8 . 1 4 -•8 - » - 9 3 0 . 7 2 •+9 - • 494S.96 50 - » -24S.78 51 - » -525.33 52 • -* 1015.99 
53 - » - 7 0 2 . 2 3 54 - • 2 8 1 6 . 0 7 55 - » -2433.95 56 - * 9210.41 
57 • 11190.00 
58 - * -4979.40 59 - * 1 0 9 8 2 . 1 7 60 - » 10878.26 . I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
TZZ 
2 2 2 
APPENDIX B 
MVPM SOURCE CODE 
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PROGRAM CONSYS ( M V P M C D , I N P U T = i 0 1 B / 1 2 0 , O U T P U T = i 0 1 B / 1 5 0 * 
1 Z2EASE »LPOUT,TAPE5=INPUT,TAPE6= OUTPUT, 
2 TAPE7=LP0UT,TAPE8=MVPM0O,TAP£9=ZZBASE) 
* * * * * * * * * * * * * * m f W « * * « « * f * f f T M f f * f l T T f * » » * 4 * 4 
£ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
Q * * * * * 
MVPM 
A MANUFACTURING VENTURE PLANNING MODEL 
CREATED AND WRITTEN BY 
WALTER JAMES WILSON 
SCHOOL OF INDUSTRIAL AND SYSTEMS ENGINEERING 
GEORGIA INSTITUTE OF TECHNOLOGY 
ATLANTA, GEORGIA 30332 
J U L Y , 1 9 7 8 
Q** * * * 
G** • #• 
Q** * * * 
c** *** 
C** * * * 
£ * * * * * 
Q** * * * 
(;•*••* 
Q * * * * * 
Q** * * * 
Q** * * * 
Q * * * * * * * * * * • * * * * U « « f 4 4 * « f f 4 4 * l 4 * f f 4 f * * * m f T f « T * * 4 4 * H I - * l 4 f 
£ * * * * * 
C * * * » * VARIABLE GLOSSARY 
Q** * * * 
Q** * * * 
c*** ** 
C** * * * 
r j * * * * * 
C * * * » * 
£ * * * * * 
£ * * * * * 
c*** 
Q** * * * 
c** * 
Q * * * * * 
Q*» * * * 
c****» 
Q** * * * 
£ * * * + * 
c*** *• 
Q** * * * 
Q* * * * * 
Q»* * * * 
c****+ 
£ * * * * * 
Q** * * * 
AOMEX ( 6 0 ) ( R E A L , CCMMON=FINLI) =>AGGR EGATE 
A D M I N I S T R A T I V E , NONMARKETING, EXPENSE BUDGET. 
AOMSAL(60) ( R E A L , CCMMCN = F I N U I ) =>AD MIMSTRAT IVE 
,NONPARKETING, SALARY BUDGET* 
AOVTEQ ( R E A L , COMMON=FINUI) =>AO VALOREM TAX RATE 
EQUIPMENT. 
AOVTIN (REAL• COMMON=FINUI) =>AD VALOREM TAX RATE 
INVENTORY, 
AVGDN ( 3 0 ) ( R E A L , CCMMON=PCRSC ) =>AVERAGE TOTAL 
PERCENT DOWNTIME (SCHEOULED I UNSCHECULED)• 
AVGREJ(20 ) ( R E A L , CCMMCN=PIRSC ) =>AVERAGE PERCENT 
FCR EACH I T E M . 
CCMMCN=PCRSC ) 
OVER BASE CASE 
CCMMON=PCRSC ) 




AVGXRJ(30 ) ( R E A L , 
REJECT RATE 








3LDMR (REAL, COMMON=FINUI) =>MONTHLY PLANT BUILDING 
RENTAL PER SQUARE FOCT. 
CASHMC ( R E A L , COMMON=FINUI) =>MINIMUM DESIRED CASH 
CUSHION. 
CASHMD ( R E A L , COMMON = F I N U I ) =>MINIMUM REQUIRE 0 CASH 
BALANCE AS % OF OUTSTANDING OEBT. 
CBEOP ( R E A L , COMMON=FINM0) =>CASH BALANCE AT END OF 
PERIOO. 
CDEBT (REAL, COMMON = FINMD) =>CUMULATIVE OE ET 
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C * * » * * ( B E G I N N I N G O F M O N T H ) • 
C * * * * » C O N H I N ( R E A L , C G M M Q N = P R S R S C ) = > M I N I M U M P E R S O N N E L 
C * * * » * ( S H I F T ) R E D U C T I O N P E R I O D . 
C * * * * » C U M L O S ( R E A L . , C Q M M O N = F I N M O ) = > C U M U L A T I V E O P E R A T I N G 
c * * * » * L 0 S S A M O U N T ( A N N U A L ) • 
C * * * » * O E P C S T ( 3 0 ) ( R E A L , C C M M O N = P C R S C ) = > D E P R E C I A B L E C O S T 
F O R E A C H P R O C E S S C O N F I G U R A T I O N . 
C * * * * * O R E P A ( 6 0 ) ( R E A L , C C M M O N = F I N M D > = > M O N T H L Y D E B T 
c » * * * » R E P A Y M E N T ( E N D O F M O N T H ) • 
C * * * * * E F F A I ( R E A L t C G M M O » N = F I N U I ) = > A N N U A L E F F E C T I V E 
c * * * „ * I N T E R E S T R A T E C N B O R R O W E D F U N D S . 
C * * * » * E F F M I ( R E A L » C O M M O I s = F I N M D ) = > E F F E C T I V E M O N T H L Y 
c * * # » * I N T E R E S T R A T E . 
C * * * * + E Q S A L ( 6 0 ) ( R E A L t C C M M O N = F I N M D ) = > C A S H A M O U N T O F 
c + + * + + E Q U I P M E N T S A L E S ( S A L V A G E * I N T R A N S A C T I O N 
C * * * * * M O N T H ) . 
C * » * * * E Q T Y I N ( R E A L t C O M M O N = F I N U I ) = > I N I T I A L E Q I T Y 
I N J E C T I O N . 
C * * * » * E U T C O N ( < * , 6 0 ) ( R E A L t C O M M O N = E U T O P N ) = > T O T A L E N R G Y 
c * » * # * C O N S U M P T I O N ( U N I T S ) B Y M O N T H • 
C*+*** E U T C S T U ) ( R E A L t C C t * M O N = E U I R S C ) = > A V E R A G E C O S T P E R 
E N E R G Y / U T I L I T Y U N I T . 
C * * * » * E U T I N F <<4t < • ) ( R E A L t C O M M O N = E U T R S C ) = > E N E R G Y / U T I L I T Y 
D E S C R I P T I O N ( A L P H A N U M E R I C t * f Q C H A R A C T E R S ) . 
C » * * * * E U T N A M ( * 4 ) ( R E A L , C C r - M O N = E U T R S C ) = > E N E R G Y / U T I L I T Y 
c » * * * + N A M E ( 1 0 A L P H A N U M E R I C ) . 
C * * * » * E U T U N T ( < + ) ( R E A L , C C M M O N = E U T R S C ) = > E N E R G Y / U T I L I T Y 
c * * » * » U N I T S ( 1 0 A L P H A N U M E R I C ) . 
C * * * + * E U T U S E ( 3 0 t ^ ) ( R E A L t C O M M C N = P C R S C ) = > P R O C E S S 
C * * » * + C O N F I G U R A T I O N E / U U S A G E P E R O P E R A T I N G H O U R . 
C * * * * » E X L I F ( 3 0 ) ( R E A L , C C K M C N = P C R S C ) = > E X P E C T E D L I F E F O R 
E A C H P C C I N Y E A R S ! M U S T H A V E N O F R A C T I O N A L 
C * * * » * P A R T ) . 
C * * * * » F G D E M ( 5 , 6 0 ) ( R E A L , C O M M C N = F G O P N ) = > P R O J E C T E D 
c . * » » * D E M A N D F O R E A C H F I N I S H E D G O O D . 
C * * * * + F G I B O P ( R E A L , C O M M O N = F I N M D ) = > F I N I S H E D G O O D S 
c * * » » » I N V E N T O R Y , B O P ( S V A L U E ) . 
C * * * * * F G I N V ( 5 , 6 0 ) ( R E A L , C O M M C N = F G O P N ) = > F I N I S H E D G O O D S 
c * * * * » I N V E N T O R I E S . 
C * * * * * F G P R C ( 5 ) ( R E A L , C C M M O N = F G R S C 1 = > F I N I S H E D G O O D 
C * * * * + S E L L I N G P R I C E P E R U N I T . 
C * * * » * F G P R O ( 5 , 6 0 ) ( R E A L , C O M M C N = F G O P N ) = > U S E R - S P E C I F I E D 
C * * * * + S C H E D U L E D F G P R O D U C T I O N ( M V P M W I L L M O D I F Y AS 
C * * * * * N E E D ) . 
C * * * * * F I N R P T ( 3 5 , 1 0 ) ( R E A L * C C M M O N = F I N M D ) = > F I N A N C I A L 
C****+ R E P O R T B U F F E R A R R A Y * 
C * * * » * F I R C S T ( R E A L , C O M M O N = F I N U I ) = > C O S T O F F I R I N G AS X 
O F M O N T H L Y R T W A G E S * 
C * * * * » F L ^ S P C ( 3 0 ) ( R E A L , C C M M C N = P C R S C ) = > T O T A L F L O O R S P A C E 
C+**** S Q U A R E F O O T A G E R E Q ' D F C R E A C H P C * 
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C * » * * * FXOCST(20 ) ( R E A L , CCMMON=RMRSC ) =>RAW MATERIAL 
FIXED ORDER COST. 
C * * * * » G S A L E S ( 5 , 6 0 ) (REAL, COMMON=FGOPN) =>GROSS SALES 
C * * * * » U N I T S . 
C * * * * » HIRCST ( R E A L , COMM0N=FINUI) =>COST OF HIRING AS 3C 
c » * * * * 0 F MONTHLY RT WAGES. 
C * * * » * HRSDN ( 1 5 , 6 0 ) ( R E A L , CCMMON=PSOPN ) =>FROCESS STEP 
HRS DOWN I N EACH MONTH. 
C * + * * * H R S U T L ( 1 5 , 6 0 ) ( R E A L , CCMMON=PSOPN ) =>PROCESS STEP 
C * » * * * HRS U T I L I Z E D IN EACH MONTH. 
C * * * » * I A L T P C ( 1 5 , 3 ) ( INTEGER, CCMMON=PSRSC ) =>ALTER NATIVE 
P C # S ( 3 NJAX) FCR EACH PS (ALPHNUM. CNVRTD. 
c » * * * * TO I N D E X ) . 
C * * * * » ICEXS ( 3 1 , 3 ) (REAL, COMM0N=MISC) =>CAPACITY 
EXPANSION SCHEDULE. 
C * * * » * I F G P I ( 5 ) ( INTEGER, COMMCN=FGRSC ) = > I D E N T I F I E R OF 
PX TO WHICH T H I S FG CORRESPONDS ( A / N CVRTD. 
C * * * * » TO I N D X ) . 
C * + * * * INP IO ( 2 0 , 1 0 ) ( I N T E G E R , COMMON=PIRSC ) 
c * a > * * * =>ALPHANUMERIC ID OF INPUTS ( 1 0 MAX) TO EACH 
p l (CNVRTD. TO I N D E X ) . 
C****+ IOUT ( INTEGER, COMMCN=MISC) =>OUTPUT DEVICE 
SPECIF ICAT ION V A R I A B L E . 
C * * * * » IPERF ( INTEGER, COMMCN=MISC) =>DEVICE NUMBER 
ASSOCIATED WITH PERMANENT MOOEL F I L E . 
C * * * * » I P I P S ( 2 0 ) ( I N T E G E R , CCMMON=PIRSC ) = > I D / I N D E X OF PS 
c * * * » * ON WHICH EACH P I I S FROOUCEO. 
C * * * » * IPSPC ( 1 5 , 6 0 ) ( I N T E G E R , COMMON=PSOPN ) => INDEX OF 
THE PC WHICH EACH PROCESS STEP CONTAINS IN 
c * * * # * £ A C H MONTH. 
C » * * * * IRUNF ( INTEGER, COMMCN=MISC) =>DEVIC£ NUMBER 
ASSOCIATED WITH RUN-TIME MODEL F I L E . 
C * * * » * ISCOR ( 1 5 , 2 0 ) ( I N T E G E R , COMMON=PSRSC ) = > I N D I C E S OF 
c * » * * * P I # S M A 0 E I N E A C H PROCESS STEP. 
C * * * » * MONTH ( 1 ) ( INTEGER, COMMCN=MISC ) =>MONTH COUNTER IN 
c * * * * » FULL PLANNING HORIZON OPERATIONS PROJECTION. 
o * * * • * NUMEUT (INTEGER , CCI*MON=MISC> =>ACTUAL NUMBER OF c / U 
TYPES INPUTTED. 
NUMFG ( INTEGER, COMMON=MISC) =>ACTUAL NUMBER OF FG •S 
c * * * ** INPUTTED. 
o * * # • * > NUMPC ( INTEGER, CGMMCN=MISC1 =>ACTUAL NUMBER OF PC •S 
c * * * ** INPUTTED. 
c + * * + * NUMPI ( INTEGER, COMMCN=MISC) =>ACTUAL tvUMSER OF P I 
•s c * * * ** INPUTTED. 0 * * * + * NUMPS ( INTEGER, COMM0N=MISC) =>ACTUAL NUMBER OF PS ' S 
INPUTTED. 
c * * * * + NUMRM ( INTEGER, COMMCN=MISC) =>ACTUAL NUMBER OF RM •S 
INPUTTED. 




c * * * » * OFCEQ ( 6 0 ) (REALt CCMMON=FINUI) =>OFFICE EQUIPMENT 
c + * * * * A Q U I S I T I O N SCHEDULE (BY ACQUIS IT ION MONTH). 
C * * * * » OTHRS ( 1 5 , 6 0 ) ( R E A L , C CMMCN= PSOPN) =>ACTUAL CT HRS 
c * * » * » FOR EACH PS FOR EACH MONTH. 
QTHR3 ( 1 5 , 6 0 ) ( R E A L , CCMMON=PSOPN) =>NUMBER CF OT 
c * * * * # HOURS USED I N EACH PS AND MONTH. 
C * * * * » 0TWAGE(6) (REALt CCMMON=FRSRSC) =>OVERTIME WAGE 
C * * * * » RATE. 
C * * * » * PAYTF (REAL, COMMON=FINUI) =>PAYROLL TAX AND FRINGE 
BENEFIT RATE AS X OF TOTAL PAYROLL. 
C * * * * * P C D F A C ( 3 0 , 6 ) (REAL, COMMCN=PCRSC ) = > D I F F I C U L T Y 
c * * * » * FACTOR ASOCIATED WITH EACH PC EY S K I L L CLASS. 
C * * * * » PCINFO(30 ,<•) (REAL, COMMCN=PCRSC ) =>PROCESS STEP 
DESCRIPTIVE INFORMATION (kO ALPHANUMERIC). 
C * * * * + PCLST ( 3 0 ) ( R E A L , CCMMON = PCRSC ) =>T ABLE OF FROCESS 
c * » * * » CONFIGURATION I D E N T I F I E R S (ALPHANUMERIC) . 
C * * * » * PCOLT ( 3 0 ) ( R E A L , CCKMGN=PCRSC ) =>ORDER LEAD TIME 
c * * * » , I N HONTHS (FOR CAP ACQUISIT ION $ FLOWSl MUST 
c * # * * + BE INPUT WITH NO FRACTIONAL P A R T ) . 
C * * * » * PCSTF ( 3 0 , 6 ) (REAL, COMMCN=PCRSC ) = > R E Q ' 0 . 
c » * * * * STAFFING PER SHIFT (BY SC) FOR EACH FROCESS 
c * * * * » CONFIGURATION t MUST BE INPUT WITH NO FRACTIONA 
C * * * * * PEQTAX(5) (REAL, COMMON=FINMO) =>PLANT EQUIPMENT TAX 
AMOUNT (END OF Y E A R ) . 
C * * * * + PERUNC ( R E A L , COMMON=FINUI) =>PERCENT 
c * * * * + UNCOLLECTABLcS. 
C * * * * » P I I N F O ( 2 0 ,<*) (REAL, COMMCN=PIRSC ) =>PRODUCTION ITEM 
c * » * » * DESCRIPTIVE INFORMATION (1*0 ALPHANUMERIC). 
C * * * * » P I L S T ( 2 0 ) ( R E A L , CCMMON=PIRSC ) =>T AB LE OF 
c * * * » * PRODUCTION ITEM I D E N T I F I E R S (ALPHANUMERIC) . 
C * * * » * P I U N I K 2 0 ) ( R E A L , CCMMCN = PIRSC) => UNITS TO BE USED 
c * * * » * FOR EACH P I (ALPHANUMERIC) . 
C * » * * * PLNTOH ( R E A L , COMMON = F I N U I ) =>PLANT OVERHEAD X $ PER 
c * » * * * SCHEDULED PROCESS STEP OPERATING HOUR. 
C * * » * * P R I N Q X ( 6 ) (REAL, CCMMON=FRSRSC) =>PRODUCTIVITY INOEX 
c * + * » * FOR EACH S K I L L CLASS. 
C * * * * - > P R V H 0 T ( 1 5 ) ( R E A L , CCMMCN=PSOPN) =>THE NUMBER OF 
c * * * * + PERIODS FOR WHICH ABOVE "LONG RUN" OT HAS BEEN 
C * * * » * USED. 
C * * * » * PSLST ( 1 5 ) ( R E A L , CCMMON=PSRSC ) =>TABLE OF FROCESS 
c * * * * + S T E p I D E N T I F I E R S (ALPHANUMERIC) . 
C * * * * * RMAVL ( 2 0 , 6 0 ) ( R E A L , CCMMON=RMOPN ) =>UNITS CF EACH 
c , , * * * * RAW MATERIAL AVAILABLE I N EACH MONTH. 
C * * * » * RMIBOP ( R E A L , COMMON=FINMO) =>RAW MATERIALS 
C * » * * + INVENTORY, BOP ( S V A L U E ) . 
C * * * » * RMINFOC+, 20) (REALt COMMON=RMRSC ) =>RAW MATERIAL 
c * * * * » DESCRIPTIVE INFORMATION IkQ ALPHANUMERIC). 
C * * * » * RMINV ( 2 0 t 6 0 ) ( R E A L , CCMMON=RMOPN) =>RAW MATERIALS 
c * * * » * INVENTORIES. 
C * * * * » RMLST ( 2 0 ) ( R E A L , COMMON=RMRSC ) =>T AB LE OF RAW 
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MATERIAL I D E N T I F I E R S (ALPHANUMERIC)• 
C * * * * * RMOLT ( 2 0 ) ( R E A L , CCMMON=RMRSC ) = >RAW MATERIAL 
ORDER LEAD TIME (MCNTHSl MUST BE INPUT WITH NO 
c * * * » * FRACTIONAL P A R T ) . 
C+**** RMORD ( 2 0 , 6 1 ) ( R E A L , CCMMON=RMOPN ) =>UNITS OF RM*S 
C 4 M M M > + 0 N 0 R 0 E R I N £ A C H MONTH 3 1ST COL. I S FOR 
c * * # * » "STARTUP^• 
C***++ R M U N I T ( 2 0 ) ( R E A L , CCMMON=RMRSC) => UNITS TO BE USED 
FOR EACH RM (ALPHANUMERIC) . 
C * * * * * RMUSED(20 ,60 ) ( R E A L , CCMMON=RMOPN) =>RM'S ACTUALLY 
c » * * « , * REQUIRED FOR PRODUCTION I N EACH MONTH. 
C*+*** RMVCST(20) ( R E A L , CCMMON=RMRSC ) =>RAW MATERIAL 
c * * + * * VARIA8LE COST PER U N I T . 
C * * * » * RTWAGE(6) (REAL, CCMMON=FRSRSC) =>REGULAR TIME WAGE 
C * * * * » RATE. 
C * * * » * SCHPD (20 ,60 ) ( R E A L , CCMMON=PIOPN ) =>INTERNALLY 
c * * * * + GENERATED PRODUCTION SCHEDULE (UNITS) FOR EACH 
C * * * * » P I . 
C * * * » * SCLST ( 6 ) (REAL, CGr*MQN= PRSRSC) =>TABLE OF S K I L L 
CLASS I D E N T I F I E R S (ALPHANUMERIC) . 
C * * * * » SETLT ( 3 0 ) ( R E A L , CCMMON=PCRSC ) =>PROCESS 
CONFIGURATION SETUP LEAD TIME(MONTHS I MUST BE 
c * * * » * INPUT WITH NC FRACTIONAL PARTS1. 
C * * * » * S H F C N T ( 1 5 , 6 0 ) ( R E A L , CCMMON=PSOPN) =>NUMBER OF 
c » * * * * SHIFTS USED I N EACH PS AND MONTH. 
C * * * » * SMKTEX(60) ( R E A L , CCMMCN=FINUI) =>SALES ANO 
MARKETING EXPENSE EUOGET. 
C * * * * + SPACE ( 3 0 0 1 (REAL, CCMMON=SCRTCH) =>WORKSPACE FOR 
c * * * # * DYNAMIC ALLOCATION OF WORKING ARRAY STORAGE I N 
c * * » * * MAIN £ SUBROUTINES AS NEEOEO. 
C * * * * + 3UL0AN ( R E A L , C0MM0N=FINUI ) =>STARTUP LOAN AMOUNT. 
C***** S U R C A P ( 1 5 , 6 0 ) ( R E A L , C CMr*CN= FSOPN) = > A V A I L A B L E 
c * * » * * SURPLUS CAPACITY I N EACH PS AND MONTH. 
C * * * * + SVGVAL(30 ) ( R E A L , CCMMON=PCRSC ) =>PROCESS 
CONFIGURATION SALVAGE VALUE AT END OF L I F E . 
C+***+ TOOPR ( 2 0 ) ( R E A L , CCMMQN = FINMD) =>TOTAL QUARTERLY 
c * * * * » OFFICE EQUIPMENT DEPRECIATION AM CUNT. 
C * * * * + T O T I N V ( 3 0 ) ( R E A L , CCMMON = PCRSC ) =>TOTAL INVESTMENT 
REQ'D TO MAKE EACH PROCESS STEP OPERATIONAL. 
C**+*+ TPDPR ( 2 0 ) ( R E A L , CCMMCN=FINMO) =>TOTAL QUARTERLY 
c * * » * + PLANT EQUIPMENT DEPRECIATION AMOUNT. 
C * * * * + UNREJ ( 2 0 , 6 0 ) ( R E A L , CCMMON=PIOPN ) =>UNITS REJECTED 
C * + * * + OF EACH P I IN EACH MONTH. 
C * » * * * XHIOT ( R E A L , COMMON=FRSRSC) =>MAXIMUM PERMISSABLE 
c * * * » * LEVEL OF OT. 
C * * * » * XINBRK ( R E A L , COMMON=FINUI) =>TAXABLE INCOME 
c » * » » + BREAKPOINT OVER WHICH SURTAX MUST BE P A I O . 
C * * * » * X I N C T X ( 2 0 ) ( R E A L , CCMMON=FINMD) =>TOTAL INCOME TAX 
c * * * * + PAYMENT PER QUARTER. 
C****+ XINQTY ( 2 0 , 1 0 ) ( R E A L , COMMCN=PIRSC ) =>NUMBER OF 
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U N I T S OF EACH I N P U T R E Q U I R E D PER U N I T O U T P U T . 
C * * » * * X I N S C P ( 2 Q , 1 0 ) ( R E A L , C C M M C N = P I R S C ) = > A V E R A G E % 
SCRAP RATE FOR EACH I N P U T TO E A C H P I . 
C * * * » * X I N S U R ( R E A L , C O M M O N = F I N U I ) = > C O R P O R A T E I N C O M E 
C*+*++ SURTAX R A T E . 
C * * * * » X I N T A X ( R E A L , C O M M O N = F I N U I ) = > C O R P O R A T E I N C O M E TAX 
C * * * * * R A T E . 
C * * * » * X I N T E X ( 6 0 ) ( R E A L , CCMMON=F INMO) = > I N T E R E S T E X P E N S E 
C * * * » * ( E N 0 OF M O N T H ) . 
C * * * » * X I V T A X ( 5 ) ( R E A L , C C M M O N = F I N M D ) = > I N V E N T O R Y T A X 
C * * * # * AMOUNT ( E N D OF Y E A R ) . 
C * * * » * XLOAN ( 6 0 ) ( R E A L , CCMMON = F I N M O ) = > M 0 N T H L Y SORROWING 
C * * * + * ( B E G I N N I N G OF M O N T H ) . 
C * * * * + XLROT ( R E A L , C0MMON=FRSRSC) = > L O N G RUN L E V E L OF O T . 
C * * * » * X M A X O R ( 3 0 ) ( R E A L , CCMMON=PCRSC ) = > M A X I M U M 
A T T A I N A B L E O U T F U T RATE FOR EACH PROCESS 
C * * » * * C O N F I G U R A T I O N . 
C * * * » * XMAXSH ( R E A L , COMMON=PRSRSC) = > M A X I M U M A L L O W A B L E 
C * + * * * NUMBER OF S H I F T S ( . L E . 3). 
C * * * » * X M C H O F ( 2 0 ) ( R E A L , C C M M O N = P I R S C ) = > M E C H A N I C A L 
D I F I C U L T Y F A C T O R I N H E R E N T I N P R O D U C T I O N OF 
C * * * » * EACH P I . 
C * * * * » XMEQV ( R E A L , C O M M O N = F I N U I ) = > M I N . E Q U I P . V A L U E - AS 
C * » » # * X CF O R I G I N A L D E P R E C I A B L E COST (FOR AO V A L . 
C 4 M M , » * TAX C O M P U T A T I O N S ) . 
C * * * * » X M I N O Q ( 2 0 ) ( R E A L , CCMMON=RMRSC ) = >RAW M A T E R I A L 
M I N I M U M ORCER Q U A N T I T Y ( U N I T S ) . 
C * * * » * XMXHOT ( R E A L , COMMON=PRSRSC) = > M A X I M U M A L L O W A B L E 
NUMBER CF H I G H OT MONTHS. 
C * * * * » XNCF ( 6 0 ) ( R E A L , C C I - M O N = F I N M C ) = > N E T C A S H FLOW ( E N D 
C * * * * + OF MONTH) • 
C * * * + * X N I N C ( 2 0 ) ( R E A L , CCMMON=F INMD) = > N E T INCOME PER 
Q * » * Q U A R T E R . 
C***** X N U M S M ( 1 5 ) ( R E A L , CCMMCN = PSOPN) = > N U M B E R OF MONTHS 
C * * * * » T H A T P R E S E N T CR SMALLER S H I F T S I Z E HAS BEEN 
C * * * * » U S E D . 
C * * * » * NAMEC COMMON AREAS 
0 * * * * • 
C * * * * » EUTOPN E N E R G Y / U T I L I T Y O P E R A T I O N S D A T A . 
C * * * » * EUTRSC E N E R G Y / U T I L I T Y RESOURCE D A T A . 
C * * * » * FGOPN F I N I S H E D GOODS O P E R A T I O N S D A T A . 
C + * * * » FGRSC F I N I S H E D GOODS RESOURCE D A T A . 
C * * * * + F I N M D GENERAL F I N A N C I A L V A R I A B L E A R E A - MODEL 
GENERATEO I N F O R M A T I O N . 
C+*++* F I N U I GENERAL F I N A N C I A L V A R I A B L E A R E A - USER I N P U T 
C * * * * » I N F O R M A T I O N . 
C**+*+ M I S C M I S C E L A N E O U S V A R I A B L E S T O R A G E ( G L O B A L COUNTER 
C » * * # # V A R I A B L E S , I / O D E V I C E N U M B E R S , C A P I T A L 
C * * * * # E X P A N S I O N S C H E C U L E ) . 
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C * * * » * PCRSC PROCESS CONFIGURATION RESOURCE DATA. 
C * * * » * PIOPN PRODUCTION ITEM OPERATIONS DATA. 
C * * * » * PIRSC PRODUCTION ITEM RESOURCE DATA. 
C * * * * » PRSRSC PERSONNEL RESOURCE DATA. 
C * * * » * PSOPN PROCESS STEP OPERATIONS DATA. 
C * * * * * PSRSC PROCESS STEP RESOURCE DATA. 
C * * * » * RMOPN RAW MATERIALS OPERATIONS DATA. 
C * * * » * RMRSC RAW MATERIALS RESOURCE DATA. 
C * * * * » SCRTCH GENERAL WORKSPACE (NOT DEDICATED TO ANY 
C * * * * » SPECIF IC DATA I T E M - AVAILABLE FOR TEMPORARY 
VARIABLE STORAGE ALLOCATION AS NEEDED 
C * * * » * PROGRAM UNITS 
C * * * * » ASNPI (SUBROUTINE) INPUT P I PRODUCTION ASSIGNMENT. 
C****+ ASNRM (SUBROUTINE) RM PURCHASE ASSIGNMENT. 
C * * * » * BLOCK DATA (SUBROUTINE) OATA I N I T I A L I Z A T I O N . 
C * * * » * CAPEXP (SUBROUTINE) CAPITAL EXPANSION ROUTINE. 
C * * * » * CFL6M (SUBROUTINE) CASH FLOW GENERATION- 6 MONTHS * 
c * * * » * STARTUP. 
C * * * * * CFSTMT (SUBROUTINE) CASH FLOW REPORT GENERATION. 
C+***+ CONSYS *+MAIN PROGRAh** MODEL CONTROL SYSTEM. 
C * * * * * DATMOD (SUBROUTINE) DATA DISPLAY AND MODIF ICATION 
CONTROL (USER I N T E R F A C E ) . 
C * * * » * OEPAVT (SUBROUTINE) EQUIPMENT DEPRECIATION AND AD 
c * * * * » VALOREM TAXES. 
C * * * * * EMPLEV (SUBROUTINE) STAFFING DETAILS FOR GIVEN PS I N 
GIVEN MONTH. 
C + * * * * EUTIN (SUBROUTINE) ENERGY/UTIL ITY DATA ENTRY AND 
C * * * » * T E S T I N G . 
C * * * * » EUTOUT (SUBROUTINE) ENERGY/UTIL ITY DATA D ISPLAY. 
C+***+ FDISP (SUBROUTINE) F INANCIAL OPERATIONS DATA 
c * » * * * D I S P L A Y . 
C * * * * * FGIN (SUBROUTINE) F I N I S H E D GOODS DATA ENTRY ANO 
C * * * * + T E S T I N G . 
FGOUT (SUBROUTINE) F IN ISHED GOODS DATA O I S P L A Y . 
C * * * * » FGPROD (SUBROUTINE) FINISHED GOODS PRODUCTION 
c * + » + * SCHEDULES. 
C * * * » * F INANL (SUBROUTINE) F INANCIAL A N A L Y S I S - DISCOUNTED 
CASH FLOW AND KEY RATIOS. 
C * * * » * FINSUB (SUBROUTINE) F INANCIAL REPORT INFORMATION 
C * * * » * CONTROL• 
GFIN (SUBROUTINE) GENERAL F I N A N C I A L OATA ENTRY AND 
C * * * * + TEST ING. 
C * * » * + GFOUT (SUBROUTINE) GENERAL F I N A N C I A L DATA D ISPLAY. 
C * * * » * INC^Q (SUBROUTINE) ACCOUNTING INCOME GENERATION-
QUARTERS * ANNUAL. 
C * * * * + I N F I N D (SUBROUTINE) USER ENTERED PROCESS INPUT I D 
V A L I D I T Y CHECK. 
C * * * * * I N I T (SUBROUTINE) I N I T I A L DATA ENTRY (USER 
2 3 0 
I N T E R F A C E ) . 
c * . » * » * i n s T M T ( S U B R O U T I N E ) I N C O M E S T A T E M E N T G E N E R A T I O N . 
C * * * * » I N T E S T ( F U N C T I O N ) R E A L N U M B E R I N P U T T E S T I N G - U P P E R t 
c » * * » » L O W E R B O U N D S , W H O L E N U M B E R R E S T R I C T I O N S . 
C * * * * » I N V E N ( S U B R O U T I N E ) I N V E N T O R Y S T A T I S T I C S , G R O S S S A L E S 
C***** U N I T S . 
C » * * * * M O U M P ( S U B R O U T I N E ) B I N A R Y D A T A D U M P ( T O P E R M A N E N T O R 
C * * * * » R U N - T I M E M O D E L F I L E S ) . 
C * * * » * M L O A D ( S U B R O U T I N E ) E I N A R Y D A T A L O A D ( F R O M P E R M A N E N T 
c * * * » * Q R p i j M - T I M E M C D E L F I L E S ) . 
C ^ * * * * M P L O T ( S U B R O U T I N E ) S E L E C T E D D A T A P L O T S ( L I N E P R I N T E R 
c * # * » * 0 R T E R M I N A L ) • 
C * * * * » N F 0 I 3 P ( S U B R O U T I N E ) N O N F I N A N C I A L O P E R A T I O N S D A T A 
C * » * * * D I S P L A Y . 
C * * * » * N U M I N ( S U B R O U T I N E ) I T E M C O U N T E R E N T R Y A N D E R R O R 
C * * * » * C H E C K . 
C * * * » * P C F I N D ( S U B R O U T I N E ) P S T O P C C O R R E S P O N D E N C E S E A R C H . 
C * * * * » P C I N ( S U B R O U T I N E ) F R O C E S S C O N F I G U R A T I O N D A T A E N T R Y 
c * » * * » A N O T E S T I N G . 
C * * * * » P C O U T ( S U B R O U T I N E ) P R O C E S S C O N F I G U R A T I O N D A T A 
C+***+ D I S P L A Y . 
C * * * * » P U N ( S U B R O U T I N E ) P R O D U C T I O N I T E M O A T A E N T R Y A N D 
C * * * * » T E S T I N G . 
C * * * » * P I O U T ( S U B R O U T I N E ) F R O D U C T I O N I T E M D A T A D I S P L A Y . 
C * * * * » P I P R O D ( S U B R O U T I N E ) P R O D U C T I O N I T E M P R O D U C T I O N 
c * * * » * S C H E D U L E S , R M P U R C H A S I N G , O T H E R I N P U T S C H E D ' S . 
C***** P R D C O N ( S U B R O U T I N E ) M A N U F . P R O D U C T I O N C O N F I G U R A T I O N 
C * * » * * ( M A C H . 8. L A B O R H O U R S , E T C . ) 
C * * * * * P R S I N ( S U B R O U T I N E ) P E R S O N N E L O A T A E N T R Y A N D T E S T I N G . 
C * » * * * P R S O U T ( S U B R O U T I N E ) P E R S O N N E L D A T A D I S P L A Y . 
C * * * » * P S I N ( S U B R O U T I N E ) F R O C E S S S T E P D A T A E N T R Y A N D 
C * * * * » T E S T I N G . 
C * * * » * P S O U T ( S U B R O U T I N E ) F R O C E S S S T E P D A T A D I S P L A Y . 
C * * * * * R M I N ( S U B R O U T I N E ) ^ A W M A T E R I A L S D A T A E N T R Y A N D 
C * * * * » T E S T I N G . 
C * * * * » R M O U T ( S U B R O U T I N E ) R A W M A T E R I A L S O A T A D I S P L A Y . 
C * * * * » R N P U R ( S U B R O U T I N E ) R A W M A T E R I A L S P U R C H A S I N G S C H E D . 
c * * * * » C O R R E C T I O N S ( M I N . O R D . Q T Y . * E T C . ) . 
C * * * * * U S C H E D ( S U B R O U T I N E ) U S E R D I R E C T E D S H C E D U L E 
c * * * » * G E N E R A T I O N ( D E M . S C H E D U L E S , E X P E N S E B U D G E T S * 
C * * * » * E T C . ) 
C * * * * * Z E R O ( S U B R O U T I N E ) 0 F E R A T I O N S D A T A A R R A Y 
R E I N I T I A L I Z A T I O N . 
C * * * • * 
C * * * » * F I L E U T I L I Z A T I O N 
C * * » * + I N P U T ( D E V I C E * 5 ) I N T E R A C T I V E T E R M I N A L I N P U T . 
C * * * » * L P O U T ( D E V I C E # 7 ) T E M P O R A R Y S T O R A G E F O R O U T P U T 
c + + * * + I N F O R M A T I O N P R I O R T O B E I N G S E N T T O H I G H S P E E D 
q * * « * * P R I N T E R . 
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C * * * * » MVPMOD (DEVICE* 8) PERMANENT MODEL F I L E . 
C * * * * » OUTPUT (OEVICE* 65 INTERACTIVE TERMINAL OUTPUT. 
c * * * * . ZZ8ASE (OEVICE# 91 RUN-TIME BASE MODEL. 
Q * * * * * 
Q*» * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C 0 M M 0 N / P S R S C / P S L S T ( 1 5 ) , IALTPC ( 1 5 , 3 ) , 1 S C O R ( 1 5 , 2 0 ) 
COMMON/PSOPN/ IPSPC(15,6 0 ) , H R S D N ( 1 5 , 6 0 ) , H R S U T L ( 1 5 , 6 0 ) , 
1 PRVHOT ( 1 5 ) ,X NUMSM (15 ) , SHFCNT ( 1 5 , 6 0 ) , 
2 O T H R S ( 1 5 , 6 0 ) , SURC AP (15 , 6 0) 
COMMON/PCRSC/PCLST (3 0) , PC INFO (30 , <t) ,PCOLT (3 0 ) , 
1 SETLT ( 3 0 ) , E X L I F ( 3 0 ) ,XMAXCR(30) , AVGDN ( 3 0 ) , 
2 AVGXRJ(3 0) ,AVGXSC(30) ,TOTINV ( 3 0 ) , 
3 DEPCST(30) , S V G V A L ( 3 0 ) ,£UTUSE ( 3 0 , <») , 
it FLRSPC(32) , P C S T F ( 3 0 , 6 ) , PCD FAC ( 30 , 6) 
COMMON/PIRSC/P ILST(2 0 ) , P I I N F O ( 2 0 , h ) , I P I P S ( 2 0 ) , 
1 XMCHDF(2 0 ) , A V G R £ J ( 2 0 ) , I N P I D ( 2 0 , 1 0 ) » 
2 X INQTY(2 0 , 1 0 ) , X I N S C P ( 2 0 , 1 0 ) , P I U N I T ( 2 0 ) 
COMMON/PIOPN/SCHPD(2 0 , 6 0 ) ,UNR£J(2 0 , 6 0 ) 
C O M M O N / F G R S C / I F G P I ( 5 ) , F G P R C ( 5 ) 
C O M M O N / F G O P N / F G D E M ( 5 , 6 0 ) , F G P R O ( 5 , 6 0 ) , 
1 F G I N V ( 5 , 6 0 ) , G S A L E S ( 5 , 6 Q > 
COMMON/RMRSC/RMLST(2 0) , RM INFO ( 20 , <•) , 
1 FXOCST ( 2 0 ) ,RI-0LT ( 2 0 ) ,XMINOQ(20 ) , 
2 R M V C S T ( 2 0 ) , R M U N I T ( 2 0 ) 
COMMON/RMOPN/RMAVL(20 , 6 0 ) , R M O R D ( 2 0 , 6 1 1 , R M U S E D ( 2 0 , 6 0 ) , 
1 R M I N V ( 2 0 , 6 0 ) 
C 0 M M 0 N / P R S R S C / S C L S T ( 6 ) , R T W A G E ( 61 , O T W A G E ( 6 ) , P R I N D X ( 6 ) , 
1 XMXHOT,XLROT,XHlOT,XMAXSH,CCNMIN 
COMMON/EUTRSC/EUTNAM U ) ,EUTINF (*• ,*•) ,EUTUNT(*t ) , 
* EUTGST(k) 
COMMON/EUTOPN/EUTCON U , 6 Q ) 
COMMON/MISC/MCNTH,NUMFG,NUMPS,NUMPC,NUMFI,NUMRM,NUMSC• 
1 N U M E U T , I C E X S ( 3 1 , 3 ) , I R U N F , I P E R M F , I O U T 
COMMON/SCRTCH/SPACE(30 0 ) 
COMMON/FINUI/PERUNC» SMKTEX(60 > ,8LDMR,PL NTOH, 
1 A D M S A L ( 6 0 ) , O F C E Q ( 6 0 ) , A D M E X ( 6 0 ) , E Q TYIN» 
2 E F F A I , P A Y T F , X I N T A X , X I N S U R , X I N B R K , 
3 HIRCST,FIRCST,CASHMC,CASHMO,SULOAN, 
*f ADVTEQ, ACVTIN,XM£QV 
C 0 M M 0 N / F I N M D / F I N R P T ( 3 5 , 1 0 ) , XNCF ( 60 ) ,T ODPR ( 2 0 ) , 
1 TPOPR(2 0 ) , C U M L O S , X I N C T X ( 2 0 ) , X N I N C ( 2 0 ) , 
2 X I N T E X ( 6 0 ) , C E E O P , F G I B O P , R M I B O P , C O E B T , 
3 XLOAN(6 0 ) , E F F M I , D R E P A ( 6 0 ) , P E Q T A X ( 5 ) , 
k X I V T A X ( 5 ) , E Q S A L ( 6 0 ) 
g*********** **** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C * * * * * DEVICE NUMBERS ARE ASSIGNED FOR THE PERMANENT 
c * * * * * A N 0 RUNTIME BASE MODEL F I L E S • 
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£4-* * **** *4**************** 4*4^* ****** ***** 
IPERMF=8 
IRUNF=9 
C * » * * * REPORT OUTPUT F I L E I S I N I T I A L I Z E D TO DEV# 6 
C * * * * » WHICH I S THE TERMINAL ( F I L E " O U T P U T " ) • 
I 0 U T = 6 
£** ************* «*** •* ****************** •#* ***************** 
CALL DATE(XDATE) 
W R I T E ( 6 , 1 0 00)XDATE 
1000 F Q R M A T ( 1 0 ( / ) , 8 0 ( l H * ) / 1 0 X , 1 0 ( i H = ) , " > MANUFACTURING " , 
1 "VENTURE PLANNING MODEL < " , 1 0 ( 1 H = ) / / 
2 20X ,"RUN DATE I " , A 1 0 / 80 ( I H * ) , 5 ( / ) I 
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
Q 4 4 4 « T « ^ F F * * » V # * * « * F * * * * * * * * 
C * » * * * SUBROUTINE I N I T PERFORMS I N I T I A L DATA REAOS AND 
C * * * * * MANIPULATION. F I L E S ARE REWOUND 3EFORE READING. 
C * * * » * I D ' S (ALPHANUMERIC) ARE CHANGED TO I N D I C E S 
C * * + * * ( INTEGER) WHERE NECESSARY. 
Q*+ **************************************************** ***** 
C * * * * * USER HAS GPTICN OF BUILDING MODEL 
C * * * » * WITHOUT RUNNING I T . 
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * • * • • * * * * * * * * * * * * 
CALL I N I T 
W R I T E ( 6 , 1 G 5 0 ) 
1 0 5 0 F O R M A T ( 5 ( / ) , " 0 0 YOU WISH TO RUN S I M U L A T I O N ? " , 
1 " (YES OR NO)" ) 
R£AD(5 ,2Q10)URESP 
I F ( U R E S P . N E . 3 H Y E S ) GOTO 150 
Q**+ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C * » * + * COMPUTE P I / P S CORESPCNOENCEJ COMPILE L I S T CF 
C * * * » * ITEMS PRODUCED ON EACH PROCESS STEP. 
Q** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
10 DO 100 I P I = 1 , N U M P I 
c * * * * * I P S 2 BECOMES INDEX CF THE PS ON WHICH THIS 
c * * * * » P I I S M A D E . 
I P S 2 = I P I P S I I P I ) 
c * * * * * F O i ^ T H E R C H I N ISCOR ASSOCIATED WITH T H I S P S , 
c***4* F l m AN OPEN ELEMENT. SET T H I S ELEMENT EQUAL 
c * * * » * T 0 I P I - THE INDEX CF THIS P I . 
OO 110 I C N T = 1 , 2 0 
I F ( I S C C R ( I P S 2 , I C N T ) . N E . O ) GOTO 110 
I S C 0 R ( I P S 2 , I C N T ) = I P I 
GOTO 100 
1 1 0 CONTINUE 
10 0 CONTINUE 
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C** *******************************<*********** ******* ******** 
C****» F Q R MONTHS ONE THROUGH 60, SET UP PRODUCTION 
C*»*** SCHEDULES FOR ALL PI'S ANO DETERMINE CONFIGURATION 
C***»* MANUFACTURING OPERATIONS (EQUIPMENT, MANPOWER, ETC.1 
C***»* >»FGPROD= FINISHED GOODS PROD# SCHEDULE GENERATOR. 
C»**** >»PIPROD= INTERMEDIATE PI PROD• SCHEDULE GENERATOR. 
Q***** >»p̂ 0C0N= MANUFACTURING CCNFIGURA TI ON GENERATOR. C*************** *************************** ***************** 
DO 130 MONCNT=1,60 
C»**** MONTH IS NOT USED AS INOEX OF LOOP OUE TO 
C***** PROBLEMS CAUSED IN CODE OPTIMIZATION WHEN 
C***»* COMMON VARIABLES ARE USED IN SUCH A FASHION. MONTH=MONCNT 
C****» ASSIGN FINISHED GOODS PRODUCTION. 125 CALL FGPROO 
C***** ASSIGN INTERMEDIATE PRODUCTION. CALL PIPROD(l) IRESCH=0 
C***** T H E RESCHEDULING FLAG HAS BEEN SET TO ZERO. 
C***** I F PRQCON RETURNS IT WITH A VALUE OF ONE, THEN 
C***** RESCHEDULING WILL BE NECESSARY FOR CURRENT MONTH. 
C**»** I F I T HAS BEEN ASSIGNED A VALUE OF 2, 
c***** j HEM THE USER MUST END THE RUN OR MODIFY 
C***** PRODUCTION ANO/OR PC DATA ANO RERUN. 
CALL FROCON(IRESCH) 
IF(IRESCH.EQ.i) GOTO 125 
IF(IRESCH.EQ.2) GOTO 150 
C***** N 0 RESCHEDULING IS NECESARY THIS MONTH. RAW 
C***** MATERIALS OROERING (IN PREVIOUS MONTHS! NEEDED 
C****. T 0 SUPPORT PRODUCTION IN THE PRESENT MONTH ARE 0***** ORDERED. CALL PIPR0D(21 
130 CONTINUE C*************** ******* * ** ***** ************ ********* ***** *** C***** RMPUR MAKES ADJUSTMENTS TO THE RAW MATERIALS 
C**»** PURCHASING SCHEDULE TO ACCCUNT FOR MIN. ORDER 
C***** QUANTITY RESTRICTIONS. 
C***** I F AN INFEASIBILITY HAS ARISEN DUE TO USER 
C***+* SPECIFIED MINIMUM ORCER QUANTITY RESTRICTICNS, C***** THEN THE ENTIRE SIMULATION MUST BE RERUN AFTER 
C»**** SUITABLE DATA MODIFICATIONS. 
C** ***************************** *********** ********* *** ***** 
IRERUN=0 
CALL RMPUR (IRERUN) IF(IRERUN.EQ.l) GOTO 150 C*************************************************** ******** 
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C*+**+ INVEN PERFORMS INVENTORY CALCULATIONS FOR RAW 
C * * * » * MATERIALS ANO F I N I S H E D GOODS. AS WELL AS GROSS 
C * * * * + SALES UNITS DETERMINATION. 
£ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
CALL INVEN 
W R I T E ( 6 t l Q 7 Q ) 
10 7 0 F O R M A T ( / / / , 5 X , 3 0 ( 1 H + ) / 5 X . - * * * * * s i M U L A T I O N " . 
1 " C O M P L £ T E O * * * * * " / 5 X , 3 0 ( 1 H * ) ) 
£ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
£ * • * * * N F 0 I S p GENERATES i CONTROLS NONFIN . LATA D I S P L A Y . 
£ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
CALL NFDISP 
£ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
£ * * * * * * * * * * F I N A N C I A L SUBROUTINES 
£ * * • * * > » F I N S U B = F I N A N C I A L REPORTING SUBROUTINE 
Q * * * * * * * * ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
CALL FINSUB 
£ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
£ • * * * * > » F D I S P = F I N A N C I A L INFORMATION DISPLAY ROUTINE. 
£ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
CALL FDISP 
£ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
£ * * • * * > » F I N A N L = F I N A N C I A L ANALYSIS ROUTINE. 
£ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
CALL F INANL 
£ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C * * * * * » > M P L O T = PLOT GENERATION RCUTINE. 
£******* ***^.**** ************************************* ******* 
CALL MPLOT 
1 5 0 W R I T E ( 6 » 2 0 0 0 ) 
2000 FORMAT( / / "DO YOU WISH CURRENT MOOEL TO SE STORED " t 
1 "AS THE TEMPORARY (RUN-TIME) BASE MOOEL?"t 
2 " (YES OR N O ) " ) 
R E A O ( 5 t 2 0 1 0 ) U R E S P 
2010 FORMAT ( A 3 ) 
I F (URESP.EQ.3HYESI CALL MDUMP(IRUNF) 
W R I T E ( 6 f 2 0 2 0 ) 
20 20 FORMA T(/"D C YOU WISH TO MODIFY AND/OR DISPLAY DATA?" , 
1 " ( Y E S CR N O ) - ) 
REAO(5 .2010 )URESP 
I F ( U R £ S P . N E . 3 H Y E S ) GOTO 20 
£ » * * * * U S £ R MAY MODIFY SELECTED OATA I T E M S . 
CALL OATMOO 
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20 W R I T E ( 6 , 2 0 2 2 ) 
20 22 FORMAT(/"OO YOU WIS« TO RERUN S I M U L A T I O N ? - , 
1 - (YES OR N O I - J 
R £ A Q ( 5 , 2 Q 1 0 ) URESP 
I F ( U R E S P . N E . 3 H Y E S ) GOTO 2 2 
c * * . » * OPERATIONS OATA ARRAYS FROM THE LAST RUN ARE ZEROED. 
c * « * * * BRANCH TO 10 FOR FULL S IMULATION. 
CALL ZERO 
GOTO 10 
C * * * + * END OF MAIN PORTION CF CCNTROL SYSTEM. 
c * « * . » BELOH ARE A FE* PRE-STOP A C T I V I T I E S . 
Q*» « * « » X * * * » * * * * * * * * * * * * * * * * * * 
22 WRITE ( 6 . 2 0 2 8 1 
20 28 FORMAT ( / / " D O YOU WISH TO STORE DATA WITH PRESENT"*, 
1 - MODIFICATIONS AS PERMANENT BASE MOOEL? " , 
2 " ( Y E S CR N 0 1 - 1 
REAO(5 ,201Q)URESP 
I F ( U R f S P . N E . 3 H Y E S ) GOTO 2 5 
CALL MDUMP ( IPERMF) 
GOTO 999 
25 W R I T £ ( 6 , 2 0 3 0 ) 
2 0 3 0 FORMAT(/"DO YOU WISH TO STORE CURRENT TEMPORARY B A S E " , 
1 " MODEL AS THE PERMANENT BASE MODEL?", 
2 " (YES OR NO)" ) 
R E A O ( 5 , 2 0 1 0 ) U R E S P 
I F ( U R E S P . N E . 3 H Y E S ) GOTO 999 
CALL MLOAC(IRUNF) 
CALL MDUMP (IPERMF) 
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